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Interaction of Temperature, Light, and Moistening 
Agent in the Germination of Weed Seeds' 


G. P. STEINBAUER and Burorp GriGsBy? 


INTRODUCTION 


Ww seeds constitute one of the principal devices for invasion of 
weeds into new areas (2, 6, 7). Because of this fact seed laws 
require that the amount and kinds of weed seeds be indicated on the 
label attached to seeds offered for sale. In many states and provinces 
excessive amounts of noxious weed seeds per unit weight may be 
the basis for the prohibition of sale of otherwise acceptable seed. 

The ability of weed seeds to persist in a viable though quiescent 
state in the soil for many years (3, 10) poses one of the most baffling 
aspects of permanent weed control. Information on the factors con- 
trolling seed longevity, the causes of dormancy, and the basic require- 
ments for the germination of different kinds of weed seeds, is far 
from complete. One of the stumbling blocks to progress in these 
areas is the scarcity of information on how to germinate weed seeds 
in the laboratory. Without such information it becomes difficult to 
follow changes in viability of weed seeds under various storage 
conditions and cultural practices. Without such information it be- 
comes difficult to distinguish dead seeds from those that are viable 
but dormant. 

Although many references to weed seed germination have ap- 
peared in the literature of botanical science in the last 100 years, 
nothing comparable to the rules for seed testing (1, 5), available to 
laboratories testing seeds of cultivated crops, is available for those 
concerned with weed seed germination. Some recent progress along 
this line is encouraging (4, 8, 9). 

Studies were initiated at Michigan State University in 1951 to 
work out satisfactory methods for germinating dormant and non- 
dormant seeds of the more common weeds in the Michigan area. To 
date seeds of 85 species of weed plants in 15 families have been 


‘Published with approval of the Director as Paper No. 1995 Jour. Series, 
Michigan Agri. Exp. Sta. supported in part by RRF funds allocated by the 
NC-10 Technical Committee. 

*Assoc. Prof. and Prof., resp., Dept. of Botany and Plant Pathology, Michigan 
State University, E. Lansing, Michigan. 
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studied as to germination nee. Only a portion of the avail- 
able data has been published (9) but it may be worth while to relate 
some of the basic requirements for weed seed germination so far 
observed. 


GENERAL REQUIREMENTS FOR SEED GERMINATION 


Statements in textbooks of botany, to the effect that seeds ger- 
minate when exposed to the proper temperature, to moisture, and 
aeration oversimplify the situation, and lead to a false sense of 
security about the ease of obtaining satisfactory and reproducible 
results in germination tests. The best proof of this is to be found 
in the fact that since the time of their inception, in the early nine- 
teen hundreds, the Association of Official Seed Analysts and the 
International Seed Testing Association have had committees con- 
tinuously at work assembling and revis‘ng information on the 
specific requirements for germination of s eds of the various culti- 
vated plants. As will be pointed out later, the specific needs for 
germination of weed seeds are equally as exacting as those of 
cultivated plants. 

An examination of the Rules for Seed Testing of the Association 
of Official Seed Analysts (1) and the International Seed Testing 
Association (5) indicates that three sets of environmental factors 
must be controlled accurately to insure complete germination. 
These are the temperature factors, the light factors, and the nature 
of the moistening agent. Aeration is important but it is automatical- 
ly taken care of by the adequate, but not excessive, application of 
moisture. Dormancy is a frequent problem in the seeds of cultivated 
plants and even more so in those of weed plants. Fortunately the 
proper control of temperature, light, and moistening agents can be 
used to overcome the most frequent causes of dormancy. 


THE TEMPERATURE FACTORS IN SEED GERMINATION 


Temperature and primary dormancy. 

A rather large proportion of the seeds of weed plants are dormant 
at maturity in that they will not germinate under conditions that 
later are satisfactory for germination and seedling growth. By far 
the most common cause of this primary dormancy is the need for 
complex physico-chemical changes within the seed known as “‘after- 
ripening”. The need for after-ripening is especially common in such 
families as the Gramineae, Rosaceae, Cruciferae, Caryophyllaceae, 
and Polygonaceae. However, wide divergences exist within groups 
as to the degree of dormancy. Thus, as shown in Table I, corn 
cockle, Agrostemma githago, germinates promptly under a varicty of 
conditions, soon after harvest. Other examples of species not 
temperature sensitive are Tragopogon pratensis and Taraxacum 
officinalis. Soapwort, Saponaria officinalis, in the same family as 
Agrostemma germinates only after exposure of the moist seeds to 

° C. for one or two weeks prior to the higher temperatures. In most 
instances the need for after-ripening can be overcome by one of 
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these “prechill” treatments for a week or two. In some instances, as 
in certain members of the Rosaceae and Polygonaceae, the prechill 
must be extended to several weeks or months to be effective. 

The need for after-ripening usually disappears after the seeds 
have been in dry storage for a few weeks. Typical of this behaviour 
is that of chess, Bromus secalinus, shown in Table 2. Saponaria 
officinalis, however, retains the need for the prechill treatment for 
several years, as indicated in Table 3. 


Table 7. Germination of Agrostemma githago seed. 


Percentage germination 


Temperature 
at 6 days! 


5° C. constant o** 
10° C. constant 100 
15° C. constant 99 
20° C. constant 100 
25° C. constant 97 
5° C. 16 hrs 30° C. 8 hrs 89 
15° C. 16 hrs 30° C. 8 hrs 100 
20° C. 16 hrs 30° C. 8 hrs 98 


‘Based on 4 x 100 seeds on two blottersin petri dish with water and darkness 


**Significantly different from base treatment (20° C.) at 1% level only at 6 days, not later 


Table 2. Germination of Bromus secalinus seed. 


Percentage germination at 9 days! 
Temperature ” — 
Test started Test started 


1 day from harvest 1 month from harvest 
15° C. constant 90 98 
20°C. constant 4** oR 
30° C. constant 0O** % 
20° C. 16 hrs., 30° C. 8 hrs 1** 99 
5° C. 1 wk., then 20° C. constant 99 % 
5° C. 1 wk., then 20° C.-30° C | 97 97 


\Based on 4 x 100 seeds on two blotters in petri dish with water and darkness. Total days required 


for completion of test 9, even where the first 7 are used in prechill 
**Significantly different from base treatment (15° C.) at 1% level 


Table 3. Germination of seeds of soapwort, Saponaria officinalis. 


| Percentage germination at days from harvest! 
Temperature | 


7 days 300 days 1095 days 


15° C. constant 0O** O** O** 
20° C. constant O** o** o** 
30° C. constant o** O** o** 
20° C. 16 hrs., 30° C. 8 hrs 31** 12** 10** 
5° C. 1 wk., then 20°-30° € 99 97 | 82 


Based on 4 x 100 seeds on two blotters in petri dish with water and darkness. Final counts at 21 


days 
**Significantly different from base treatment (5° C. 1 wk. then 20°-30° C.) at 1% level 


Optimum temperature range for germination. 


The optimum range of temperatures within which germination 
occurs varies with the age, physiological state, and kind of seed. 
Thus during the first few weeks after harvest the seeds of Bromus 
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secalinus will not germinate at temperatures in excess of 15° C., 
although they germinate freely at 20° C., 25° C., and 30° C. after 
about one month of dry storage. This behaviour has been noted i» 
seeds of many grasses and other plants. The extremes of temperature 
for germination vary from a minimum of 5° C. for Agrostemma 
githago, Ambrosia artemisiifolia, and enetine microcarpa to a 
maximum of around 35° C. for Amaranthus retroflexus. Most weed 
seeds germinate within the range of 20° C. to 30° C. 


Thermoperiodicity. 

Weed seeds germinating in nature do so in the presence of daily 
alternations between low night and high day temperatures. It should 
not be surprising, therefore, to find that by far the great majority 
of seeds germinate more promptly with daily alternation of tem- 
peratures, than with constant temperatures. Out of 85 species 
considered in the pres-nt study, over 80 percent showed bette 
germination with daily temperature alternations than with constant 
temperatures. Many seeds, typified by wormseed mustard, Erysimum 
cheiranthoides, germinate very little if any, at constant temperatures, 
as illustrated in Table 4. Other examples are the seeds of Phytolacca 


Table 4. Germination of seeds of wormseed mustard, Erysimum cheiranthoides. 








Percentage germination 


Treatment 
at 5 days 


20° C. constant, water*® O** 
20° C. constant, 0.2% KNO# Q** 
30° C. constant, water® 6** 
30° C. constant, 0.2% KNO# 7** 
20° C.-30° C., water’. 67 ** 
20° C.-30° C., 0.2% KNO# 98 
20° C.-30° C., water, light® 94 
20° C.-30° Cc. water, dark‘ 53** 
20° C.-30° C.; 0.2% KNOs, light® 95 
86 ** 


20° C.-30° C., 0.2% KNOs, dark* 





‘Based on 4 x 100 seeds on two blotters, in petri dishes 

*Darkness except during transfers and counts 

3100 foot-candles illumination from white fluorescent bulb 

‘Complete darkness by wrapping petri dishes in aluminum foil, final counts only 


**Significantly different from base treatment (20-30° C., 0.2% KNOs, light) at 1% level 


americana, Potentilla monspeliensis, and Oenothera biennis. This 
situation is not unique for weed seeds since seeds of over 75 percent 
of cultivated plants behave in similar manner (1, 5). 

As shown in Table 5 the need for alternation of temperatures is 
not transitory but may persist in some species for several years. 

The number of cycles of temperature alternation necessary to 
induce germination may be as few as one in Lepidium virginicum 
and Erysimum cheiranthoides but usually is greater than this. 


Induction of secondary dormancy. 

Seeds capable of germination may be thrown into dormancy by 
unfavorable environmental factors. The most widely publicized 
case is that of lettuce seed, in which exposure of imbibed seeds to 
30° C. for extended periods, may induce “secondary dormancy” 
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Table 5. Germination of seeds of wormseed mustard, Erysimum cheiranthoides, 
ping persistence of therme-perindichy. 








| eanietetnat germination at 5 days' 
Treatment I— 


1955 seed 1951 ned 


20° C., constant, water o** o** 
20° C., constant, 0.2% KNOs o** 2** 
| 6** o** 


30° C., constant, water 


30° C., constant, 0.2% KNOs 7** g** 
20° C.-30° C., water 67** 47** 
20° C.-30° C.. 0.2% KNO; 98 80 





'Based on 4 x 100 seeds on .wo blotters in petri dishes with darkness except during transfers and 


counts 
**Significantly different from base treatment (2;° C.-30° C., 0.2% KNOs) at 1% level 


This behaviour is also found in certain weed seeds, particularly 
those of plants in the Cruciferae family. Thus the seeds of Erysimum 
cheiranthoides, exposed to 30° C. for some time prior to temper- 
ature alternations may show a marked reduction in germination, 
as illustrated in Table 6. The degree of dormancy depends on the 
length of exposure to the unfavorable temperature. 


Table 6. Germination of seeds of wormseed mustard, Erysimum cheiranthoides, 
to show induction of secondary dormancy and importance of temperature 
in the primary thermocycle. 


Temperature Percentage germination at 6 days' 
30° C. three days, then 20° C.-30° C 159° 
30° C. two days, then 20° C.-30°C 14** 
30° C. one day, then 20° C.-30° C 25** 
30° C. & hrs., then 20° C.-30°C 42* 
20° C. 16 hrs., 30° C. 8 hrs., then 20° C.-30° C 61 





‘Based on 4 x 100 seeds on two blotters in petri dishes, water, darkness except during transfers 
*Significantly different from base treatment (20°-30° C., 20°-30° C.) at 5% leve 


THe Licutr FAcTor IN © ©? ™MINATION 


Although the majority of seeds gern:inate as well in darkness as 
light some germinate poorly or not at all when completely deprived 
of light. These seeds are probably restricted in their germination 
under natural conditions to such times as the seeds are brought 
to the soil surface, and the soil remains moist long enough for com- 
pletion of germination. About 35 percent of the seeds tested ger- 
minated more rapidly and uniformly in light than darkness. Illu- 
mination from a white fluorescent bulb in the germinator, yielding 
about 100 foot-candles of light was supplied during the high tem- 
perature phase of the temperature alternation. As is well known 
from the literature of seed germination, the length of light exposure 
necessary to insure maximum germination varies from a few min- 
utes to several hours. It is interesting to note that some seeds such 
as Erystmum cheiranthoides, Table 4, may germinate well even 
though no supplementary illumination is supplied, and yet ger- 
minate much less when light is completely withheld by wrapping the 
petri dishes in aluminum foil. In the first instance the low light 
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requirement is probably met by the brief exposure to light while 
the seeds are being transferred from one germinator to another 
during temperature alternations, and during the time that prelimi- 
nary counts of seedlings are made during the tests. 


Tue Type oF MotsteninG AGENT 

Seeds germinating in nature are moistened by the soil solution, 
containing many dissolved organic and inorganic substances. While 
it is customary to test most seeds in laboratories, using tap water or 
distilled water, many examples might be given in which dilute 
solutions of nitrate or other inorganic sources of nitrogen greatly 
enhance germination. The use of such solutions is recommended in 
the Rules for Seed Testing (1, 5) for testing certain seeds such as 
many of the grasses, crucifers, etc. Approximately 50 per cent of the 
different kinds of weed seeds studied, germinated better with nitrate 
solution than water, especially soon after harvest, when embryo 
dormancy is common. In many instances, typified by the seeds of 
pokeweed, Phytolacca americana, very little germination could be 
secured with water, even when all other factors seemed to be favor- 
able, but excellent germination was obtained when potassium nitrate 
solution was used as a moistening agent. 


INTERACTION OF ‘TEMPERATURE, LIGHT, AND MOISTENING AGEN1 


From the foregoing discussion it should be evident that various, 
carefully controlled combinations of the above factors are necessary 
to insure complete germination of viable seeds of the many different 
kinds of plants included in the term weeds. The interaction of these 
three variables has been discussed in detail elsewhere (11). In a few 
seeds such as Erysimum cheiranthoides, Table 4, the light require- 
ment may be largly overcome by the use of alternating temperatures 
combined with nitrate solution, but in others, such as Phytolacca 
americana, all three factors, alternating temperature, light, and 
nitrate solution must be present to obtain any appreciable germina- 
tion. On the basis of the 85 kinds of weed seeds studied, by far the 
largest number of seeds will germinate when given an alternation 
of temperatures, are supplied with light, at least for a short expo- 
sure, and a dilute solution of nitrate is used as a moistening agent. 
Such conditions are supplied in nature when seeds are on the soil 
surface during periods of sufficient moisture. It is probably for this 
reason that seeds of many of our weeds, such as the small-seeded 
crucifers, remain dormant when an inch or two below the soil surface 
but germinate readily when the soil is disturbed and they are 
brought to the surface, particularly during periods of adequate soil 
moisture. 

METHODS OF CONTROLLING TEMPERATURE, LIGHT, AND MOIsTUuRE 

DurinG WeEp SEED GERMINATION TESTs 


Temperature. Since provisions for alternations of temperature are 
required one must have available two germinators or ovens that can 
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be set and controlled at the temperatures needed. The seeds can 
then be transferred daily from the low temperature, usually 16 
hours, to the high temperature, 8 hours. Although it is possible to 
purchase germinators that automatically change temperatures these 
are quite expensive. Temperatures below room temperature can be 
obtained by use of water jacketed incubators cooled with running 
water. It is also possible to convert electric refrigerators to low 
temperature germinators. Small, inexpensive space heaters, equipped 
with a fan can be used to supply heat which in turn is controlled 
by a thermo-regulator. Most space heaters carry too much current 
for efhcient use. Replacement of the heating coil with one of lower 
wattage is desirable. One of 250 watts is recommended. This amount 
of current can be handled conveniently directly through a thermo- 
regulator of the “Fenwal” type without use of relays. 

Moisture control. Proper control of moisture is one of the most 
critical factors in obtaining consistent results in seed germination. 
Excess watering must be avoided, particularly for small seeds. Ade- 
quate moisture must be maintained at all times. Many different 
devices and substrates are used in seed testing laboratories to solve 
this problem. After comparing several of these the use of closed petri 
dishes in which two layers of standard blotting paper are placed 
has been adopted. In use the blotters are saturated and then drained 
until no more water drips from the inclined sheets, after which they 
are placed in the bottoms of the petri dishes. Even seeds as large as 
those of corn cockle and radish germinate well in petri dishes on 
top of blotters. The use of petri dishes, rather than open blotters 
makes possible the use of dry ovens, as germinators. Moisture must 
of course be checked daily and added as necessary. Large seeds such 
as Xanthium spp. and Ambrosia trifida may require use of sand or 
upright paper towels, although large petri dishes could be used if 
the seeds were presoaked several hours in water and then placed 
between blotters in the dish. 

When potassium nitrate solution is used it is applied in a concen- 
tration of 0.2% and used only for the initial moistening of the 
media. 

Light. Light of approximately 100 f. c. can be best supplied with 
a cool white fluorescent bulb suspended in the germinator. Incan- 
descent lamps tend to supply too much heat and they supply light 
too rich in the far red part of the spectrum, which may be inhibitory 
to germination as in the case of Lepidium virginicum (11). If com- 
plete exclusion of light is desired the petri dishes may be wrapped 
in aluminum foil. Final counts only are made since brief exposure 
of seeds during counting operations may satisfy the light require- 
ment of certain seeds. 

Dormancy. Although many factors may contribute to seed dor- 
mancy the most common cause is the need for “‘after-ripening”’. The 
period of after-ripening is shortened in most seeds by placing the 
seeds in a moist substratum at 2° to 10° C. for varying lengths of 
time. If the seeds are to be germinated in petri dishes these may be 
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placed in the refrigerator, care being exercised to keep the seeds 
moist during the treatment. 

Special methods. Some seeds such as velvet leaf, Abutilon theo- 
phrasti (4) may require special methods to soften the seed coats. 
These include such treatments as the use of boiling water, mechani- 
cal scarification and use of corrosive acids. Such methods require 
very careful manipulation, particularly where acids are used, to 
avoid injury to the operator and to the seed embryo. In some in- 
stances several treatments may have to be combined to overcome 
factors which operate together to delay germination. 
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Influence of Various Components on the Effectiveness 


of 2,4,5-T Sprays’ 
RICHARD BEHRENS? 


M“* factors influence the effectiveness of a herbicidal spray. 
The importance of some, such as herbicide formulation and 
carrier, has been demonstrated, while the influence of others is 
either in doubt or has not been established. Since selective herbicides 
are being applied as sprays to millions of acres annually, more infor- 
mation on factors influencing their effectiveness in spray applications 
would be of value. 

The importance of herbicide concentration, droplet size, spray 
volume and droplet spacing on the effectiveness of the phenoxy 
herbicides is open to question. Evidence is contradictory in the case 
of droplet size and spray volume, while herbicide concentration and 
droplet spacing have received little attention. Of the components 
listed above, droplet size and spacing received major attention in 
this study, while spray volume and herbicide concentration were 
considered secondarily. 

In 1946, Smith (17) published the first study concerned with drop- 
let size and spray volume involving a herbicide of the phenoxy 
group. He concluded that moderate to large droplets, with volume 
rates from 10 to 20 ml. per square yard, gave maximum effectiveness 
when aqueous solutions of the ammonium salt of 2,4—dichlorophe- 
noxyacetic acid (2,4—D) were sprayed on kidney bean plants. Fisher 
and Young (8) reported that preliminary evaluations of aerial 
applications of 2,4-D and 2,4,5-trichlorophenoxyacetic acid (2,4,5- 
I) indicated that coarse and medium droplet sizes were equally or 
possibly more effective than fine droplets on the basis of mesquite 
response. Mullison (13) found no difference in the response of young 
bean plants when a given amount of 2,4—D was applied as one large 
drop or several small drops. On the other hand, Ennis and William- 
son (6) indicated that growth regulators applied as small droplets 
(below 0.1 mm diameter) were more inhibitory to several plant 
species than larger droplets (above 0.3 mm diameter). .ayhoff (5) 
obtained similar results under conditions of high humidity. Hell- 
quist (9), Sexsmith (16), and Buchholtz (3) all agree that an equiva- 
lent amount of 2—methyl—4—chlorophenoxyacetic acid (MCPA) used 
in low gallonage sprays was more toxic to peas than when used in 
high gallonage sprays. 

The experiments reported herein utilize equipment that main- 
tains over-all plant coverage similar to that obtained with conven- 
tional spray equipment, yet gives more precise control of droplet 
size than has been obtained in previous work. In abstract form, 
partial results of this study have been published elsewhere (1, 2). 


‘Contribution of the Field Crops Research Branch, ARS, USDA in cooperation 
with the Texas Agri. Exp. Sta. and the Texas Eng. Exp. Sta. 

*Plant Physiologist, Field Crops Research Branch, ARS, USDA, Department of 
Plant Physiology and Pathology, Texas A. & M. College, College Station, Texas. 
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METHODS AND MATERIALS 

The whirling disc apparatus described in an accompanying paper 
(15) was used to apply droplets of uniform size to mesquite and 
cotton seedlings that were grown in 6-inch flower pots. Droplet size 
was controlled and spray volume calculated as describea by Roth 
and Reins (15). Plants in each pot were adequately thinned before 
application to eliminate the possibility of plants shielding each 
other from full exposure to the herbicide treatment. Various formu- 
lations of 2,4,5—T were used as the herbicide in all of the tests de- 
scribed herein. Application rates are on a 2,4,5-T acid equivalent 
basis. 

Mesquite seedlings, from two to six months old, were used in 
many of the tests. The number of plants utilized per treatment varied 
from test to test and will be listed with the pertinent tables and 
figures. In most instances the response of mesquite to the various 
applications will be expressed as per cent of stem tissue killed. These 
data were obtained by determining the length of dead stem tissue 
of the plants in a treatment, dividing by the total stem length of 
plants receiving the treatment, and multiplying by one hundred. 
Supplementary readings were made on per cent leaf and total plant 
kill. Data from these measurements are not always listed since they 
indicated the same trends in plant response. 

When cotton seedlings were used, they were treated when the 
cotyledons were fully expanded, usually ten days after planting. 
Plants were harvested about two weeks after treatment. The fresh 
weight of tissue produced during the two-week period was a good 
indication of plant response. 


EXPERIMENTAL PROCEDURE AND RESULTS 


Droplet size, droplet spacing, and spray volume were the depen- 
dent variables in this study of the effect of various components on 
the efficiency of herbicidal sprays. Herbicide concentration, a fourth 
component, is dependent on and inversely proportional to spray 
volume when a constant rate of herbicide application is maintained. 
Three possibilities for altering these factors that were used in these 
experiments are illustrated in Figures 1, 2, and 3. 

First, droplet size was changed while a constant spray volume was 
maintained. Enlargement of the droplet size required an increase in 
droplet spacing as illustrated in Figure 1. By this means, the com- 
bined influence of droplet size and spacing on the effectiveness of 
2,4,5-T sprays was determined in the first group of experiments. 

Second, the droplet spacing was varied while droplet size re- 
mained constant. The necessary reduction in spray volume and in- 
crease in herbicide concentration as droplet spacing becomes greater 
is illustrated in Figure 2. A second group of tests was completed 
under these conditions which allowed the determination of droplet 
spacing effects on plant response free from the influence of droplet 
size. 

Third, droplet size was changed while droplet spacing remained 
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Figure 1. Relationship of droplet spacing to droplet 
diameter at a constant 4 gpa spray volume. 








36h 
87 
t 
a 
z 

~ 6 

o 2 - 

a < 

Oo - 

~ = 

5 3 

2 rs} 

- 2 

5 Fe) 

re) 0 

> 
wm 

> o 

M} c 

a v 

. 

4 = 
re 
= 

P 
145 








3000 4000 $000 6000 mx 600C 900 
DROPLET SPACING (MICRONS) 


Figure 2. Relationship of spray volume and _ herbicide 
concentration to droplet spacing when 0.10 Ib/A herbi- 
cide is applied in droplets with a diameter of 400 
microns. Herbicide concentration is inversely propor- 
tional to spray volume. 





constant. Spray volume was increased and herbicide concentration 
decreased as droplet size was enlarged (Figure 3). In this way, drop- | 
let size effects on plant response were examined in a third group of 

tests without interference from droplet spacing. 
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Figure 3. Relationship of spray volume and _ herbicide 
concentration to droplet diameter when 0.10 Ib/A of 
am 


herbicide is applied at a deposition rate of 72 droplets 
per square inch. 
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Figure 4. Relationship of droplet spacing to the droplet 
deposition rate. Droplet spacing expressed in inches as 
well as microns. 





Droplet spacing is a function of the droplet deposition rate pet 
unit area. The decrease in droplet spacing as the droplet deposition 
rate increases is illustrated by Figure 4. In presenting data, the 
droplet deposition rate will be listed rather than droplet spacing, 
since it was based on actual counts while droplet spacing figures are 
estimates mathematically derived from the droplet deposition rate. 
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However, it should be emphasized that droplet spacing is the factor 
under examination. 

Smith (17) and Ennis et al. (7) have shown that spray retention is 
an important factor in influencing the effectiveness of growth regu- 
lating sprays. Ennis et al. (7) found that oil droplets were retained 
by all plant species studied, while many did not retain aqueous 
droplets. Oil carriers were used in most of the tests described below 
to eliminate possible influence from differential retention. How- 
ever, there was no indication, visual or on the basis of measured 
plant response, that retention was incomplete when the water 
carrier was used. 

The use of a non-phytotoxic oil carrier in most applications re- 
moved absorption and penetration as important variables since the 
oil droplets penetrated mesquite and cotton leaf tissue within a few 
seconds after contact. In one instance phytotoxic diesel oil was com- 
pared to the non-phytotoxic oil. In a few tests, water and oil-water 
emulsion carriers were used to determine whether plant responses 
were comparable to those obtained with the oil carriers when 
changes were made in the various spray components under study. 


Combined influence of droplet size and spacing when spray volume 
ts constant. 


In the first experiment, spray volume was held constant at 4 gpa, 
while droplet diameters of 200, 400, 600, and 800 microns were used, 
which produced droplet deposition rates of 575, 72, 23, and 9 per 
square inch, respectively. The triethanolamine salt of 2,4,5-T was 
applied in water at rates equivalent to 0.05, 0.10, and 0.20 Ib/A. 
Applications of large droplets at low droplet deposition rates had 
little injurious effect on the mesquite seedlings (Table 1). The small- 
est droplet size, 200 microns in diameter at a deposition rate of 575 
droplets per square inch, was most damaging to the seedlings, while 


Table 1. Mesquite seedling response to applications of the triethanolamine salt 
of 2,4,5-T in water carrier at a spray volume of 4 gpa. Readings made 30 
days after treatment. 


Droplet diameter Droplets 2.4.5-T Stem tissue Foliage 
microns applied | ib/A killed! killed 
no /sq in | % % 
i | 5 
200 575 0.05 s 
200 575 0.10 10 11 
200 575 | 0.20 24 26 
| 
400 72 0.05 0 0 
400 72 0.10 0 1 
400 72 0.20 10 7 
600 23 0.05 0 | 0 
600 23 0.10 0 0 
600 2 | 0.20 1 1 
| | 
800 9 | 0.05 0 0 
800 9 | 0.10 0 0 


800 9 0.20 1 0 


Average of 30 plants 











= Wases. 


Table 2. Mesquite seedling response to applications of the propylene glycol 
butyl ether ester of 2,4,5-T in 25 per cent emulsion carrier at a spray volume 
of 4 gpa. Readings made 30 days after treatment. 








- ; 
Droplet diameter Droplets | 245.T Stem tissue Foliage Plants 
microns | applied | Ib/A killed killed killed! 
no/sqin | w// Q q 
200 575 0.05 55 70 10 
200 575 0.10 73 | 89 33 
200 | 575 0.20 79 96 53 
400 72 | 0.05 39 4? 3 
400 | 72 0.10 49 67 3 
400 72 | 0.20 63 86 0 
600 23 | 0.05 19 27 0 
600 23 | 0.10 | 25 | 38 0 


600 23 | 0.20 33 5 3 








1Average of 30 plants. 
droplets with a diameter of 400 microns at a deposition rate of 72 
droplets per square inch were approximately half as injurious. 

A similar test was completed using the propylene glycol butyl 
ether (PGBE) ester of 2,4,5—T with a 25 per cent diesel fuel in water 
emulsion as carrier and droplet diameters of 200, 400, and 600 
microns. To stabilize the emulsion, 4.5 per cent 1—hydroxyethyl—2- 
heptadecenyl glyoxalidine* and 2 per cent Tergitol Non-anionic 
NPX®* were added. This herbicide mixture was much more toxic to 
the mesquite seedlings than the preceding combination. The data 
in Table 2 again shows that small droplets at high droplet deposi- 
tion rates (i.e. close spacing) were more effective, while larger drop- 
lets at lower deposition rates (i.e. greater spacing) were progressively 
less effective in inducing mesquite response. 

In the final test of this series, the PGBE ester of 2,4,5—T was ap- 
plied at a single rate, 0.10 lb/A, using droplet diameters of 200, 400, 
600, and 800 microns with diesel fuel as carrier at a spray volume 
of 4 gpa. Mesquite seedling response to this treatment was approxi- 
mately equal to that obtained when the 25 per cent emulsion carrier 
was used (Table 3). Again a reduction of droplet size and the 
associated increase in the droplet deposition rate resulted in greater 
effectiveness of the herbicide application. 


Table 3. Mesquite seedling response to applications of the propylene glycol 
butyl ether ester of 2,4,5-T in diesel oil carrier at a spray volume of 4 gpa. 
Readings made 30 days after treatment. 








j 
Droplet diameter Droplets | 2.4.5-T Stem tissue Foliage Plants 
microns applied Ib/A | killed! killed! killed! 
no/sqin | of q oY 

200 575 | 0.10 64 81 33 

400 72 0.10 45 52 17 

600 | 23 | 0.10 36 34 11 

) 
| 


800 ‘ 0.10 | 20 21 0 





1Average of 18 plants. 


‘Sample supplied by the Carbide and Carbon Chemicals Company. 
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To summarize, all of the tests in this group show that droplet 
size, droplet spacing, or a combination of these factors have a vital 
influence on the effectiveness of herbicidal spray applications. 
Herbicide concentration and spray volume were not involved 
since they remained constant in this group of tests. 

It is interesting to note that the diesel fuel carrier was equal in 
effectiveness to the 25 per cent diesel fuel-water emulsion. The rapid 
contact injury due to diesel fuel carrier described by Hull (10), 
which reduced the effectiveness of herbicide applications to mes- 
quite seedlings in his experiments, was not apparent at the 4 gpa 
volume of application used in this test. 


Influence of droplet spacing when droplet size remained constant. 

By decreasing spray volume and increasing herbicide concentra- 
tion as droplet spacing was increased, as illustrated in Figure 2, it 
was possible to study the droplet spacing component in 2,4,5-T 
spray applications without the influence of droplet size. A droplet 
diameter of 400 microns was maintained while droplet deposition 
rates of 9, 23, 72, 216, and 575 per square inch were used. The drop- 
let deposition rate series was identical to that of the previous tests, 
except that a rate of 216 droplets per square inch was added. Since 
spray volumes up to 32 gpa were necessary, a non- phytotoxic oil was 
employed to eliminate the possibility of contact injury due to the 
carrier at the high volumes. The butoxyethoxy propanol (BEP) 
ester replaced the PGBE ester which was not totally miscible in the 
non-toxic oil carrier. 

Data showing the response of mesquite and cotton seedlings to 
the applications described above are listed in Tables 4 and 5. Both 


Table 4. Cotton response to 2,4,5-T (BEP ester in non-toxic oil carrier) as in- 
fluenced by changes in droplet deposition rate when a 400 micron droplet 
diameter was maintained. New growth of seedlings (25 plants per treatment) 
was harvested 15 days after application of 0.03 Ib/A of 2,4,5-T. 


Droplets applied Per cent reduction in fresh 

no /sq in weight of new cotton growth 
575 88 
216 81 
"> 79 
23 45 


9 39 


lable 5. Mesquite response to 2,4,5-T (BEP ester in non-toxic oil carrier) as 
influenced by changes in droplet deposition rate when a 400 micron droplet 
diameter was maintained. Stem kill measurements were made on 24 plants 
per treatment 30 days after application of 0.10 Ib/A of 2,4,5-T. 


Droplets applied Stem tissue killed 
no, sq in ‘7 
575 80 
216 74 
72 68 
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species exhibited increased reaction to the herbicide as the droplet 
deposition rate was increased. Response curves based on data from 
Tables 3, 4 and 5 illustrate the very rapid increase in herbicidal 
effectiveness as the droplet deposition rate was encrenses from 9 to 
72 per square inch (Figure 5). At deposition rates above 72 per square 
inch the slope of the plant response curves was greatly reduced. The 
break in the response curves at the 72 droplet per square inch 
deposition rate was evident in each test. This similarity in response, 
regardless of whether droplet size was changed (Data from Table 3) 
or held constant (Data from Tables 4 and 5) illustrates the majo 
role of droplet spacing in the determination of the effectiveness of a 
herbicidal spray application. 

In a supplementary test using mesquite seedlings, the possibility 
of reduced herbicidal effectiveness due to rapid contact injury caused 
by a phytotoxic carrier was investigated. The test was similar to 
those described above, except that diesel fuel was used as a carrier 
for the PGBE ester of 2,4,5—T’. Plant response was found to increase 
when deposition rates up to 72 droplets per square inch (4 gpa 
spray volume) were used, but declined slightly at higher droplet 
oSeeates rates (12.5 and 32 gpa spray volume), as show n in Figure 

This contrasted with the results of the earlier test, Figure 5, in 
which a diesel fuel volume of 4 gpa was maintained, for mesquite 
seedling response gradually increased as the droplet deposition rate 
became greater, in that instance. This difference was considered to 
be due to the rapid contact kill of leaves which was evident 24 hours 
after 12.5 and 32 gpa of diesel oil had been applied. However, even 
at the greatest spray volume, 32 gpa, the phytotoxic effect of diesel 
fuel did not induce any drastic decline in herbicidal effectiveness. In 
all probability, the reduction in plant response associated with high 
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Figure 5. Plant response to 2,4,5-T as influenced by 
changes in the droplet deposition rate. 
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Figure 6. Mesquite (24 seedlings per treatment) response 

to 0.1 lb/A of 2,4,5-T in a phytotoxic carrier (PGBE 

ester in diesel fuel) as -influenced by changes in the 

droplet deposition rate (droplet spacing) when a droplet 

diameter of 400 microns was maintained. At deposition 


ek 4 


rates of 9, 23, 72, 216 and 575 droplets per square inch, 
spray volumes were 0.5, 1.3, 4.0, 12.0 and 32.0 gpa, 
respectively. 


spray volumes of diesel fuel was partially offset by increased herbi- 
cide effectiveness resulting from closer droplet spacing. 


Influence of droplet size when droplet spacing remains constant. 

Evidence has been presented showing that droplet spacing has a 
considerable influence on the effectiveness of a herbicidal spray 
application. However, the possibility that droplet size may also play 
a part in determining the effectiveness of a herbicidal spray applica- 
tion was not eliminated by the foregoing tests. The droplet size 
factor was examined without the influence of droplet spacing by 
controlling droplet spacing, spray volume, and herbicide concentra- 
tion, as discussed previously (Figure 3). Mesquite and cotton seed- 
lings were included in this series of tests. 

Using droplet diameters of 200, 400, 600, and 800 microns, the 
BEP ester of 2,4,5—-T was applied in a non-phytotoxic oil carrier. In 
the first tests, a deposition rate of 72 droplets per square inch was 
maintained, while herbicide application rates of 0.05 and 0.10 Ib/A 
were used on mesquite seedlings. Though plant response was some- 
what variable when the 0.05 lb/A herbicide application rates were 
used, there was no definite trend in herbicidal effectiveness as drop- 
let size was changed (Figure 7). At the 0.10 Ib/A rate of application, 
plant response was constant regardless of the droplet size used. 

In a similar test, a deposition rate of 23 droplets per square inch, 
considerably below the rate required to attain a high level of herbi- 
cidal effectiveness, was applied to mesquite and cotton seedlings. 
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Figure 7. Mesquite (25 seedlings per treatment) response 
to 2,4,5-T (BEP ester in non-toxic oil carrier) as in- 
fluenced by changes in droplet size when a constant 
deposition rate of 72 droplets per square inch was 
maintained. 


On mesquite, a 2,4,5-T application rate of 0.05 Ib/A was main- 
tained. At the sub-optimum droplet deposition rate, an increase in 
herbicidal effectiveness was evident when larger droplets were used 
(Figure 8). When cotton replaced mesquite as the test plant, the 
2,4,5-T application rate was reduced to 0.03 lb/A. Results differed 
from those obtained when mesquite was used in that cotton seedling 
response was not affected by droplet size changes. 

Plant response in this group of tests shows that droplet size is not 
a major factor in determining the herbicidal effectiveness of a spray 
application. It may have some influence in instances where the drop- 
let deposition rate is sub-optimal. However, this is not always true, 
as indicated by the results of a sub-optimal droplet deposition rate 
on cotton. 

The uniformity of plant response in this group of tests as herbi- 
cide concentration and spray volume underwent great changes 
(herbicide concentration from 187 to 12,000 ppm and spray volume 
from 0.5 to 32.0 gpa) is evidence that these factors are not directly 
involved in determining the herbicidal effectiveness of a spray ap- 
plication. However, it should be recognized that under certain condi- 
tions both may be of importance, indirectly. Spray retention may 
be affected by spray volume while changes in herbicide concentra- 
tion often alter the physical characteristics of a spray, which in turn, 
may affect herbicide absorption. 

A supplementary test was included to determine possible droplet 
size effects on plant response when the herbicide solution does not 
readily penetrate the epidermal tissues of the leaves. A herbicide 
solution composed of the triethanolamine salt of 2,4,5-T in water 
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Figure 8. Plant response to 2,4,5-T (BEP ester in non- 
toxic oil carrier) as influenced by droplet size when a 
23 droplet per square inch deposition rate was main- 
tained. Cotton seedlings (50 plants per treatment) were 
harvested 15 days after application of 0.03 lb/A of 
2,4,5-T. Stem kill measurements on mesquite (24 plants 
per treatment) were made 30 days after treatment with 
0.05 lb/A of 2,4,5-T. 


was used because preliminary tests indicated that it was absorbed 
slowly. The herbicide was applied at 0.30 lb/A to mesquite using 
droplet sizes and spray volumes similar to those in the preceding 
tests, and with a deposition rate of 72 droplets per square inch. A 
wetting agent, Dynawet*, was added at a concentration of 0.20 per 
cent to all herbicide solutions to eliminate possible differences in 
wetting characteristics of the droplets as spray volume was reduced 
and herbicide solutions became more concentrated. The general 
trend was toward a reduction in plant response as droplet size and 
spray volume were decreased (Figure 9). 


DISCUSSION 


In the foregoing experiments, droplet spacing was demonstrated 
to have considerable influence on the herbicidal effectiveness of 
2,4,5-T applications to mesquite and cotton seedlings. This finding 
suggests that a limited area of leaf tissue surrounding each droplet 
functions in some process essential for herbicidal activity. Since 
movement of the phenoxy herbicides is necessary before plant re- 
sponses will develop (11, 14, 18), it is likely that translocation is the 
process involved. The association of carbohydrates with the translo- 
cation of the phenoxy compounds is well known (4, 11, 12). It seems 
probable that the function of cells in the area surrounding a droplet 


‘Sample supplied by Dow Chemical Company, Midland, Michigan. 
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Figure 9. Mesquite (24 plants per treatment) response to 
2.4,5-T (0.30 lb/A of the triethanolamine salt in water 


=o 


carrier) as influenced by droplet size when a 72 droplet 
per square inch deposition rate was maintained. Stem 
kill measurements made 30 days after treatment. 


is the production of carbohydrate which is necessary for transloca- 
tion of the 2,4,5-T applied in the droplet. Assuming the above, 
information on droplet spacing can be used to estimate the leaf area 
involved in movement of the 2,4,5—T deposited in an individual 
droplet. The maximum droplet spacing that will produce a high 
level of herbicidal activity would approximate the diameter of the 
leaf area involved in translocation of herbicide from a droplet. A 
decisive break in plant response curves at a deposition rate of 72 
droplets per square inch suggests that the equivalent droplet spacing, 
3100 microns, approximates the diameter of the leaf area that 
participates in translocation of 2,4,5-T from a single droplet. 

A moderate increase in plant response was observed when closet 
droplet spacings were used. This increase may have been due to the 
better coverage of localized areas of the leaf which were missed 
owing to the random distribution of droplets at the 3100 micron 
spacing. 

At a greater than optimum spacing, 5200 microns, larger droplets 
induced increased plant response in the case of mesquite. Such an 
increase might be expected since larger droplets tend to spread ove: 
a greater leaf area, and thus, expand the total leaf surface involved 
in absorption and translocation of herbicide. It should be empha- 
sized that this response to droplet size was evident only when droplet 
spacing exceeded that needed for maximum herbicidal effectiveness, 
and plant response was well below the levels attained when close: 
droplet spacing was used. 

Within the treatment ranges and species used in these tests, drop 
let size, spray volume, and herbicide concentration had little direct 
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effect on the degree of plant response if oil carriers were used to 
eliminate differences due to herbicidal absorption. When absorption 
becomes a factor, as in the case of the triethanolamine salt of 2,4,5—T 
applied in water, droplet size and spray volume assume some im- 
portance. The trend toward reduced plant response as droplet size 
and spray volume were decreased seems logical in the case of water 

because smaller droplets at lower spray volumes would evaporate 
more rapidly, which would restrict absorption. In contrast to these 
results, Buchholtz (3), Hellquist (9), and Sexsmith (16) reported 
that increased injury to canning peas resulted when He spray vol- 
ume was reduced. Buchholtz (3) attributed this response to the bet- 

ter wetting characteristics of concentrated sprays, and the propor- 
tionally greater surface area covered by the smaller droplets pro- 
duced at low spray volumes. The wetting characteristics of all sprays 
were held constant by means of added wetting agent in this test on 
mesquite, which may account for the difference in results. 

While droplet size and spray volume have little direct influence 
on the herbicidal effectiveness of a spray application, indirectly they 
are involved because droplet spacing (number of droplets deposited 
per unit area) is a function of the size of droplets and the volume 
of spray applied. Present trends in the development of spray equip- 
ment are toward the application of larger, more uniform droplets at 
reduced spray volumes. As progress is made in this direction, a point 
may be reached where droplet spacing must be considered. However, 
the wide droplet spectrums produced by presently available spray 
equipment assures adequate droplet spacing at the spray volumes 
now being used. 


SUMMARY 


Droplet size, droplet spacing, spray volume, and herbicide concen- 
tration were studied to establish their relative importance in deter- 
mining the effectiveness of 2,4,5—-T spray applications. 

Droplet spacing was found to be of major importance in the 
determination of herbicidal effectiveness. An average droplet spac- 
ing of 3100 microns, equivalent to a deposition rate of 72 droplets 
per square inch, was considered the maximum distance that would 
maintain a high level of herbicidal effectiveness when 2,4,5—T was 
applied to mesquite and cotton. 

Except for some minor effects, droplet size, spray volume, and 
herbicide concentration had no direct influence on plant response 
under the conditions imposed in this group of tests. In the case of 
water carrier at the 72 droplet per square inch deposition rate, 
larger droplets applied at high volumes were found to be slightly 
more effective on mesquite; presumably due to the longer period 
of moist contact which increased herbicide absorption. 

Che effectiveness of 2,4,5-T applications was reduced when diesel 
fuel carrier was used at the high spray volumes of 12.5 and 32 gpa. 
The reduced effectiveness was attributed to the phytotoxicity ol 
diesel fuel, which caused rapid leaf kill at high spray volumes and, 
consequently, limited 2,4,5-T translocation. 
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Rotating Disk Apparatus for the Production of Droplets 
of Uniform Size 


GrorGE A. RoTH and GUNTHER E. Reins! 


INTRODUCTION 


es has long been recognized that one of the inherent problems in 
spray application, particularly with airplanes, is that of droplet 
size control. It is not generally known which droplet sizes or ranges 
of droplet sizes are the most effective biologically for the various 
types of treatments. It is known, however, that excessively large 
droplets result in a serious waste of material, and that very small 
droplets present a serious drift problem. For these reasons, spray 
droplet size and the range of sizes in a given spray have become 
important criterions in evaluating a spray distribution pattern. 

Distribution pattern measurement studies have been conducted at 
the Aircraft Research Center, Texas Engineering Experiment Sta- 
tion, College Station, Texas, since 1950. The technique used employs 
a series of chemical balances to weigh the spray as it is deposited at 
ground level (5). While this method yields deposit rate data quickly 
and with little laboratory work, it does not in itself give droplet 
size distribution information. To provide this additional and neces- 
sary information collecting surfaces, usually a parchment- type paper, 
are placed immediately adjacent to the weighing units. Then, with 
a soluble dye added to the spray fluid, a pattern of spots is obtained 
which represents the droplet sizes that yield the weight measure- 
ment. The spot pattern cannot be used directly to determine drop- 
let distribution without a knowledge of the relationship between 
the diameters of the spherical droplets that produced them. This 
relationship, or spread factor, can only be determined by produc- 
ing droplets of known or measurable spherical diameters and com- 
paring them with the corresponding spot diameters on the collecting 
medium used. With the spread factor known, spot measurement, 
tabulation, and computation can yield droplet distribution and 
deposit rate. 

The rotating disk device described herein was built primarily as 
a uniform droplet source for the determination of spread factors 
with various spray fluids and collecting media. It has been used 
extensively for this purpose and with this usage have come addition- 
al possibilities for its utilization. These include the possibilities of 
study of droplet evaporation, the effect of additives (emulsifiers, 
sticking agents, etc.) on droplet size, and the relationship of droplet 
size, dosage rate and coverage to biological effectiveness in the use 
of herbicides and insecticides. 


‘Aircraft Research Center, Texas Engineering Exp. Sta., Texas A. & M. College 
System, College Station, Texas. 
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DESCRIPTION OF EQUIPMENT 


Mechanical System. The device built at the Aircraft Research 
Center for the production of uniformly-sized droplets incorporates 
a rotating aluminum disk powered by a pneumatic motor. 

Two interchangeable disks with 4-inch and 8-inch diameters, 
respectively, are used to obtain the desired range of droplet diame- 
ters. The disk is supported on a shaft and bearing assembly as shown 
in the schematic drawing in Figure 1. The pneumatic motor is at- 
tached below the bearing housing, providing a self-aligning direct 
drive to the disk. 

The pneumatic motor is operated from an external air compres- 
sor. From the air compressor through a large air manifold the air is 
fed into a pressure regulator as shown in Figure |. From the regu- 
lator the air passes on to the pneumatic motor; as can be seen from 
the schematic drawing, an air pressure gauge and a large surge tank 
are connected into this line. The surge tank is installed to damp 
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Figure 1. Schematic drawing of rotating disk device. 
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small pressure variations that might occur in the air supply system. 

Speed control of the pneumatic motor is obtained by pressure 
regulation of the air supply. Disk rotational speed is measured with 
a stroboscopic tachometer. 

Around the rotating disk is placed a cylindrical metallic shield 
containing an adjustable aperture. By means of this aperture the 
direction and duration of the droplet emission can be controlled. In 
addition it has also been found necessary to shield the droplet 
projection area from any local air currents; otherwise, the droplet 
deposit points are quite scattered, particularly with the smaller 
droplets. 

Fluid Supply System. During the preliminary operation of the 
rotating disk a constant-head type of fluid supply system, similar 
to that described by Yates (6), was used. This was soon modified to 
the system as shown in Figure 1. 

The fluid reservoir is a large, inverted, vented flask located suf- 
ficiently above the level of the rotating disk that small changes in 
fluid level result in a negligible change in head pressure. From the 
flask fluid feeds down to a needle valve which controls fluid flow. 
From the needle valve the fluid flows through a drawn glass nozzle 
onto the center of the rotating disk. 

Supplementary additions were made to this basic fluid supply 
system as occasion warranted. First, a small electric centrifugal pump 
was incorporated to fill the flask and provide mild agitation of the 
fluid by circulation through the system. Later, as emulsions were 
used, it was found necessary to increase the fluid agitation; this was 
done pneumatically by the controlled bleeding of air through the 
liquid. 

OPERATION 


Liquid fed onto the center of the rotating disk is forced to the 
disk periphery by centrifugal force and is dispersed tangentially. 
The droplet formation has been classified by Hinze and Milborn 
(2) into (1) direct droplet formation, (2) ligament formation, and (3) 
film formation. In the first instance, the fluid flow rate is low and 
droplets form singly at the disk periphery. In the second case, at 
higher flow rates, the droplet formation is from one or more fluid 
ligaments forming at the disk periphery. Further increase in flow 
rate results in the third type of droplet formation where the fluid 
leaves the disk in the form of a film or sheet with subsequent break- 
up into droplets. 

While no attempt was made to study droplet formation, it was 
noted that in working with the aluminum rotating disk the greatest 
uniformity of droplets was obtained with low flow rates after the 
disk surface had been initially well polished with powdered pumice 
and then thoroughly wetted. With Diesel oil, which has a good wet- 
ting tendency on aluminum, a liquid film formed over the disk 
surface. With water, which has a poor wetting tendency on alumi- 
num, rivulets formed on the disk surface. For water, some other 
material besides aluminum should be used or a coating might be 
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applied to the disk surface to provide a better wetting tendency. For 
a particular disk speed and fluid it was apparent that there was a 
critical flow rate which, if exceeded, resulted in a decrease in droplet 
uniformity with a substantial increase in very fine droplets of a mist- 
like size. While this is not desirable it is acceptable under certain 
conditions, because the very small droplets can be removed by 
controlled air movement around the disk. Also, since the projection 
distances of the droplets are dependent upon their mass and air 
drag (smaller droplets are deposited closer to the disk), droplets of a 
size other than those desired can be screened out at the collecting 
surface. 


DETERMINATION OF DROPLET SPHERICAL DIAMETER 


Water. One of the major problems in the use of the rotating disk 
has been that of collecting the droplets produced and retaining them 
in spherical form long enough to be measured. Fortunately, with 
water this has been relatively simple. By using an immiscible fluid 
of slightly less density than water the water droplets can be immersed 
and retained in spherical form. 

In practice a small petri dish was coated with a film of G.E. Dri- 
Film No. 9987. This liquid, when applied to the inside of the dish 
and wiped dry, provided a non-wetting surface that prevented the 
droplets from spreading on the glass surface. Next, a layer of min- 
eral oil, approximately */,, inch thick, was placed in the bottom of 
the petri dish. Then a thin layer of petroleum-base solvent (Varsol) 
approximately 14 inch thick, was placed on top of the mineral oil 
layer. It was observed that there was less break-up of droplets when 
the petroleum-base solvent layer (sp. gr. .79-.82) was placed on top 
of the mineral oil layer (sp. gr. .88-.94). The droplets, when caught 
in this medium, would gradually settle to the bottom of the petri 
dish but remain substantially spherical in shape. The petri dish con- 
taining mineral oil and solvent and the water droplets was then 
placed under a microscope where actual spherical droplet diameters 
were measured with a calibrated ocular micrometer. 

Oil. The measurement of the diameters of oil droplets presented 
some difficulty. Methyl alcohol was used as an immersion fluid in 
the procedure described above. The oil droplets retained their 
spherical shape but diminished in size with time. It was found, how- 
ever, that with timed diametric measurements the rate of droplet 
dissipation could be determined. From this information the original 
diameter could be computed and results were obtained which were 
in agreement with the results of later measurement techniques. 

One of these techniques employed magnesium oxide-coated glass 
slides. The slides were coated with the magnesium oxide by passing 
them back and forth over burning magnesium ribbon until a deposit 
of the desired thickness was obtained. The thickness of the layer 
varied between one and two millimeters, depending on the spherical 
droplet diameter. Previous work (4) had shown that the crater or 
hole left by the penetration of the droplet through the magnesium 
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oxide film had a direct relationship with the diameter of the drop- 
let. On the basis of this work the droplet diameter could be deter- 
mined by measuring the crater diameter (microscope and ocular 
micrometer) and multiplying this measurement by 0.86. Incidental 
checks of the validity of this factor by the more absolute method 
described below indicated that the factor might vary from 0.85 with 
200 micron droplets to 0.99 for droplets 625 microns in diameter. 
It was noted however that as the droplet size was increased above 
a 400 micron diameter, the droplets would tend to bounce from the 
slide and leave two or more craters on the magnesium oxide layer. 
Consequently, this method was employed only for small droplets 
(below 400 microns) where no visible bouncing occurred. 

The most successful technique for measuring oil droplets utilized 
a gelatinous matrix as described by Hurtig and Perry (3). This ma- 
trix was prepared by mixing the following constituents and heating 
them until the mixture was completely dissolved and homogeneous: 
Water, 40 ml; glycerine, 40 ml; gelatin, 3 gms; triethanolamine, 
10 ml; and liquid soap, 10 ml. The droplets were caught in the 
warmed matrix which had been placed on glass slides; then another 
slide or cover slip coated with the matrix was placed over the first 
slide with spacers of suitable thickness between. The droplets then 
became surrounded entirely by the matrix and were retained indefi- 
nitely in their spherical form for measurement. 


RELATIONSHIP OF DropLeT DIAMETER TO Disk SPEED 


Since the droplet diameter for any particular liquid is dependent 
upon the disk rotational speed and diameter, information pertain- 
ing to two disk diameters (4 inch and 8 inch) is presented in Figure 
2. From Fraser and Eisenklam’s work (1) it was found that the ratio 
of the droplet diameters produced by the two disks was inversely pro- 
portional to the square root of their respective diameters provided 
the disk speed and flow rate were the same. This relation correlated 
well with values obtained by Yates (6). No direct comparisons can 
be made with values obtained by our two rotating disks since the 
flow rates were not measured. The tests from which these data were 
obtained were made with fluid flow rates that were relatively small 
and yielded the greatest droplet uniformity. 


»PREAD FACTOR DETERMINATION 


Since techniques to measure spherical droplet diameter were avail- 
able, it was not difficult to determine the relationship between 
spherical diameter and spot diameter for any collecting surface. 

So that spray droplet patterns from field applications could be 
parchment type of paper.* To do this the spray fluid was colored 
with an inert soluble dye. For water, DuPont Paper Blue R Conc* 


*Patapar 27-21T, Paterson Parchment Paper Co., Bristol, Pennsylvania. 
‘EF. I. DuPont de Nemours & Co., Organic Chemical Dept., Dyestuffs Division 
1261 Spring Street, N. W., Atlanta, Georgia. 
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Figure 2. Disk speed vs. spherical droplet diameter for water. 


(2 gms/gallon) was used. For Diesel oil, Calco Oil Red* and DuPont 
Paper Blue R Conc (2 gms éa/gallon) were used. ‘Then for each of a 
number of disk speeds and droplet sizes, the matrix-covered slides 
or oil-filled petri dishes and the paper samplers were placed on the 
collecting surface so that spherical droplets and spots were obtained 
simultaneously. ‘The diameters of both the droplets and spots (after 
drying) were measured with microscope and ocular micrometer. The 
ratio of the measured spot diameter to the droplet spherical diame- 
ter then became the spread factor. The relationship between droplet 
diameter and spread factor for water and No. 2 Diesel oil with the 
parchment paper is shown in Figure 3. It will be seen that the spread 
factors were not constants but varied with droplet diameter. 

As a matter of interest, several typical spot bands are shown in 
Figure 4. The width of these bands represents the uniformity of 
droplet size (+ 5% diameter), since under a given set of conditions 
the distance from the rotating disk to the point of droplet contact 
is dependent upon droplet diameter. 


PLANT TREATMENT 


The treatment of plants with a uniform application of droplets 
of a particular diameter presented several problems. 


«American Cyanamid Company, New York, N. Y. 
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Figure 3. Spherical droplet diameter vs. spread factor on parchment paper. 
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Figure 4. Illustration of droplet uniformity and deposit 
band for water droplets of 400, 600, and 800 micron 
spherical diameter. 
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First, droplets of a uniform size are deposited in a relatively 
narrow band insufficient in width to cover the whole plant. This 
condition was overcome by passing the plant through the band at 
a speed which gave plant coverage at the desired application rate. 
In certain cases it was desirable to repeat this procedure a number 
of times in order to obtain complete coverage. 

Second, fluid flow rates which gave the greatest droplet uniformity 
were inadequate to treat the plant in a practical length of time. 
Consequently, less droplet uniformity but higher flow rates were 
used. Droplet trajectory, however, is dependent on droplet size; 
and even though the droplets produced at high flow rates might 
include a number of different diameters, all but the primary band 
could be effectively screened out by proper placement of a horizontal! 
surface with a concentric aperture. 

Figure 5 shows the arrangement used for plant treatment (shields 





Figure 5. Illustration of the rotating disk arrangement 
including the plant treatment area. (Shields removed 
for photographic purposes.) 
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around the disk and treatment area have been removed for photo- 
graphic purposes). 

The plants were moved at a controlled rate below the screening 
surface and through a curtain of falling droplets. As may be seen 
from the figure, a paper sampler and oil-filled petri dish were placed 
adjacent to the plants being treated. Droplets deposited in the petri 
dish were measured in spherical form as a check for uniformity of 
droplet size. The spot pattern on the parchment-type paper in- 
dicated the uniformity of plant coverage. With the droplet diameter 
known, the actual deposit rate in terms of gallons per acre was 
computed after counting the droplets in a given area. 


LITERATURE CITED 


1. Fraser, R. P., and EtsenkLaM, Paut. Research into the performance of 
atomizers for liquids. Jour. Imp. Coll. Chem. Engr. Soc. 7:52-68. 1953. 

2. Hinze, J. O., and Mirsorn, H. Atomization of liquids by means of a rotating 
cup. Jour. Appl. Mech. 17:145-153. 1950. 

3. Hurtic, H., and Perry, A. S. Slide coatings for aerosol droplet collection 
and preservation. Jour. Econ. Ent. 43:952-954. 1950. 

1. May, K. R. The measurement of airborne droplets by the magnesium oxide 
method. Jour. Sci. Insts. 27:128-130. 1950. 

5. Weick, Frep. Experimental agricultural airplane and distribution measuring 
station. First Annual Texas Agricultural Aviation Conference. Sect. D, 
pp. 1-17. 1952. 

6. Yates, W. E. An analysis of atomization by the rotating disk for controlled 
droplet size. M.S. thesis, University of California. 1951. 











Effects of Herbicidal Sprays on Nitrate Accumulation 
in Certain Weed Species’ 


Peter A. FRANK and B. H. Gricssy? 


er the advent of the new and, generally, more efficient herbi- 
cides, a great deal of research has been done and a voluminous 
literature presented concerning their uses and possible mechanisms 
of action. The more obvious effects of the chemicals have been de- 
scribed at length but the basic physiological mechanisms remain 
relatively undefined. 

The rapid adoption of new herbicides by agriculturists, home 
owners and others, has been attended with some criticism. Adverse 
criticisms have arisen because research agencies have not conducted 
extensive experiments concerning the possible harmful effects in 
humans and in animals. Extended exposure to the chemicals and 
the products of the treated plants may be harmful. Herbicides may 
also bring about the elaboration by plants of a toxic substance, or 
the accumulation of a substance ordinarily present in non-toxic 
concentrations. 

In recent years there have been numerous reports of death of live 
stock foraging on members of the genera Prunus and Sorghum 
treated with 2,4-D and 2,4,5—-T. Members of these two genera are 
known to accumulate glucosides which, upon hydrolysis, may pro- 
duce hydrocyanic acid, sometimes in concentrations lethal to live- 
stock. It has been postulated that abnormal quantities of hydro- 
cyanic acid which caused livestock losses may be produced by treated 
plants (5). However, data from some experiments indicate that 
treated plants do not accumulate enough glucosides to produce 
large amounts of hydrocyanic acid (7, 9). 

There have also been a number of cases reported where livestock 
losses were attributed to nitrate poisoning from forage high in 
nitrates (2, 11, 12, 13, 14, 17). Livestock grazing on herbicide-treated 
vegetation (4) were believed to have ingested toxic quantities of 
nitrate which had been accumulated by the plants as a result of 
chemical treatment. The assumption that crop and weed plants may 
accumulate nitrate as a result of herbicidal treatment is a new 
development which requires careful experimental study. 

Willard (18), in discussing the indirect effects of herbicides, cites 
numerous reports of ordinarily unpalatable weeds becoming pala- 
table to livestock following herbicidal treatment. The effect of herbi- 
cides on the palatability of these weeds could be a factor contribut 
ing to the nitrate poisoning of livestock. However, many of the 
weeds tested were found to contain toxic quantities of nitrate in 
both the treated and untreated state. 


*This material is adapted from a thesis by the senior author presented to the 
school of Graduate Studies, Michigan State University. Journal Article 1922 from 
the Michigan Agricultural Experiment Station. 

*Asst. Prof. Agronomy, University of Idaho, Moscow and Prof. of Botany, 
Michigan State University, East Lansing, respectively. 
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A study of the problem of nitrate accumulation was initiated dur- 
ing the summer of 1953 and continued through the summer of 1954. 
The data presented are from analyses made in each season. A group 
of weeds commonly found in cropped and pasture land in Michigan 
was selected for study. This group included certain weeds known 
to accumulate high concentrations of nitrate as well as others sus- 
pected of having contributed in some manner to livestock losses. 
These weeds were treated with various herbicides and nitrate analy- 
ses were made at regular intervals following treatment in an attempt 
to determine the effects of the treatments upon the nitrate content. 


REVIEW OF LITERATURE 

High levels of nitrate in green weeds and crops, as well as in cured 
feeds, may often have disastrous consequences. The first recognized 
case of nitrate poisoning of livestock was in 1888 and was reported, 
along with a number of other cases, in 1895 (16). The losses were 
traced to the feeding of both green and cured corn fodder and hay. 
The nitrate content, determined as potassium nitrate, amounted to 
as much as 25 percent of the dry weight and the salt crystals could 
be observed readily with the naked eye. In more recent years, nitrate 
poisoning from oat hay (2, 10, 17), hay containing pigweed (11) 
sorghum (11, 12) and sugar beet tops (13) has been reported. 

Poisoning from ingestion of high-nitrate plants is due to the reduc- 
tion of nitrate to nitrite by microorganisms in the intestinal tracts 
of animals. The nitrite is taken into the blood stream where it com- 
bines with oxyhemoglobin to form methemoglobin. The latter is 
incapable of giving up its oxygen to the tissues and thus causes 
asphyxia (2). Bradley et al. (2), have determined the minimum lethal 
dose to be 25 grams of potassium nitrate per one hundred pounds 
of animal weight. At this level, a five hundred-pound animal would 
have to eat but five and one-half pounds of oat hay containing 5 
percent nitrate to become fatally poisoned. 

Stahler and Whitehead (15) report a case in which several hun- 
dred acres of sugar beets on seven farms were accidentally treated 
with 2,4—D. Samples of beet leaves from the seven farms, together 
with several samples from untreated fields of adjacent farms, were 
analyzed for nitrate. The average nitrate level in the untreated beet 
leaves, calculated in terms of potassium nitrate, was found to be 
0.22 percent of the dry weight. The nitrate levels in the treated 
leaves ranged from 1.81 percent to 8.77 percent, all of which were 
considered above the minimum lethal concentration. The authors 
also have observed that 2,4—-D has a profound effect on the nitrate 
content of sugar beet leaves. These results indicate that 2,4-D may 
affect the nitrate level of beet leaves to the extent that considerable 
losses could be expected if the leaves were fed to livestock. 

Lambs-quarters, pigweed and smartweed when treated with 2,4—D 
were cited by Willard (18) to be very high in nitrate while the 
controls contained very little. This was thought to be due to the 
2,4-D retarding the assimilation of nitrates into protein. These 
weeds, as well as sugar beet leaves, have been found by various 
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other workers to accumulate nitrates in toxic concentrations even 
when not treated with 2,4—D. 

Fertig (4) studied the effect of 2,4—D and MCPA on the accumula- 
tion of nitrate in lambs-quarters, ragweed, pigweed and curled dock 
but was unable to obtain conclusive results. 

The absorption and elaboration of nitrogenous nutrients in plants 
is dependent upon such external factors as the pH and nitrate con- 
centration of the growth medium, and the relative availability of 
various mineral solutes. Such factors as light, temperature, moisture 
and oxygen supply also are important. Of equal importance are the 
availability of carbohydrates within the plants and the stage of 
growth of the plants. Some of these factors may possibly be modified 
by the application of herbicides to the plants. Applications of 2,4—D 
and related compounds are known to have a considerable effect on 
the metabolism and growth processes of plants. This effect could 
bring about changes in the rates of photosynthesis, root growth, 
nutrient absorption and transpiration. Because of the numerous 
factors influencing the uptake and assimilation of nitrates, consider- 
able variations in the nitrate levels should be expected, not only in 
plants growing under normal conditions, but also in plants treated 
with herbicides. 


MATERIALS AND PROCEDURES 


The species of weeds studied were selected on the basis of avail- 
ability, occurrence in pastured areas, and reports concerning the 
ability of certain of the weeds to accumulate nitrate. All of the 
species were found growing on or bordering the muck farm used 
for other weed control investigations. The following species were 
selected: 

1. Amaranthus retroflexus L. 
2. Ambrosia elatior (L.) Descourtils 
3. Chenopodium album L. 
4. Cirsium arvense (L.) Scop. 
. Eupatorium maculatum L. 
6. Impatiens biflora Walt. 
7. Poa pratensis L. 
. Polygonum Convolvulus L. 
9. Polygonum Persicaria L. 
10. Prunus virginiana L. 
11. Sambucus canadensis L. 
12. Solanum Dulcamara L. 
13. Spiraea alba Du Roi 
14. Thalictrum dioicum L. 


vr 


Some of the more commonly used herbicides, which were believed 
to hee differences in physiological activity, were used. These were: 
. Isopropyl ester of 2, 4-dichlorophenoxyacetic acid (2,4—-D) 

-y Butyl ether ester of 2,4,5-trichlorophenoxyacetic acid (2,4,5—-T) 
3. Sodium salt of 2—methyl—4—chlorophenoxyacetic acid (MCPA) 
4. Alkanolamine salt of dinitro-o-sec—butyl— phenol (DNBP) 
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Isopropy!—N-(3-chlorophenyl) carbamate (CIPC) 
Diethanolamine salt of maleic hydrazide (MH) 

The weeds were treated with sub-lethal dosages of herbicide 
applications. This was done to prevent excessive deterioration or 
death of the plants during the period in which analyses were to be 
made. The spray mixtures were applied in a volume of 80 gallons 
of water per acre, except a few which were applied with a volume 
of 40 gallons of water per acre. It was believed that the period of 
greatest accumulation of nitrate occurs during the stage of growth 
immediately preceding the flowering stage. Therefore, all herbicidal 
applications were timed such that the period of analysis coincided 
as closely as possible with this stage of growth. Spray applications 
were made at various dates during the growing season. 

Samples for analyses were obtained at 24 hour intervals during 
four days following treatment and an additional sampling was made 
two weeks after treatment. Leaves and young stems were included 
in the samples. Thus, both rapid and slow accumulations of nitrate 
could be detected. Sampling was done early in the morning to elimi- 
nate, as much as possible, the effect of sunlight on the nitrate 
accumulated during the dark hours. 

The samples were taken immediately to the laboratory where ex- 
tracts were prepared from duplicate samples of the fresh material. 
The extracts were then analyzed for nitrate content using a colori- 
metric method which involved the nitration of 3,4—xylenol. Pre- 
liminary work indicated that the method gave consistent and repro- 
ducible results and that it was much less time consuming than the 
Kjeldahl method of nitrate determination. 

The xylenol method of determining the nitrate in plant materials 
was first reported by Rauterberg and Benischle in 1949. In this 
report, several modifications suggested in a personal communica- 
tion by Dr. G. H. Ellis, United Cooperatives, Inc., Ithaca, New York, 
were adopted and the modified method is as follows: 


1. Reagents 

a. 0.1 percent NaOH. 

b. H.SO, (3:1) 1 volume of water to 3 volumes of concen- 
trated sulfuric acid. 

c. H.SO, (5:1) 1 volume of water to 5 volumes of concen- 
trated sulfuric acid. 

d. 2.0 percent acetone solution of 3,4 xylenol (4 hydroxy 
1,2 dimethyl-benzene). 

e. 40 percent phosphotungstic acid. 

f. Ag(NHg). prepare by saturating concentrated, boiling 
(NH,OH) with Ag.SO,. Concentrate 60 ml. to 30 ml. by 
boiling and dilute to 100 ml. with distilled water. 

g. CCl,. Distill over CaO and filter. 


2. Procedure 
a. Extract sample in Waring Blendor, 1-10 gm. in 100 ml. 
water, for 6 minutes. Filter through cotton milk filter 
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folded like conventional filter paper. Take 20 ml. aliquot, 
add 2 ml. H,SO, (5:1) and 2 mi. phosphotungstic acid, 
solution. Centrifuge and take aliquot for nitration. 

b. Add 1 ml. of xylenol and 3 volumes of H.SO, (3:1) to 
aliquot. (5 ml. aliquot and 15 ml. H.SO,) Place on 
shaker for 15 minutes at temperature of 35—55° C. 
Caution: The reaction temperature is extremely im- 
portant. Where total reactant volume is less than 10-15 
ml. the tubes may require warming before the 15-minute 
shaking is completed. If temperature exceeds 55° C. 
serious loss, due to side reactions, may be encountered. 


c. After shaking is completed, dilute with approximately 
50 ml. water. Cool and transfer to 125 ml. separatory 
funnel. Extract with two 15 ml.-portions of CCl,. Ex- 
tract the CCl, phase with 50 ml. of 0.1 percent NaOH 
and discard the CCl, layer. Filter the aqueous solution 
and make readings on filtrate in an Evelyn colorimeter 
with a 440 mu filter. 


A standard curve, for use in comparing the results of the nitrate 
determinations, was obtained by analyzing solutions containing 
known quantities of analytical grade potassium nitrate. All of the 
potassium nitrate values in the tables represent the average of 
duplicate determinations. 


EXPERIMENTAL RESULTS 


Based on the data obtained, the weeds sprayed in the experiments 
were divided into four groups. These are as follows: 


¥ 


ro 


Weeds which showed no significant differences between chemi- 
cal treatments or days sampled for analyses are: 

Chenopodium album 

Cirsium arvense 

Prunus virginiana 

Thalictrum dioicum 
Weeds in which there were differences only between chemical 
treatments are: 

Eupatorium maculatum 

Impatiens biflora 

Sambucus canadensis 

Solanum Dulcamara 
Weeds in which there were significant differences between 
chemical treatments and between days sampled for analyses 
are: 

Amaranthus retroflexus 

Ambrosia elatior 

Polygonum Convolvulus 

Polygonum Persicaria 
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4. Weeds which showed significant differences only between the 
days on which they were sampled for analyses are: 
Poa pratensis 
Spiraea alba 


Group One 


The nitrate levels of Chenopodium album and Cirsium arvense 
were found to be quite high, ranging from 4.1 percent to 4.5 percent 
potassium nitrate in Chenopodium album and 3.4 percent to 4.0 
percent in Cirsium arvense. The nitrate levels of Prunus virginiana 
and Thalictrum dioicum were relatively low being 0.9 percent to 1.0 
percent and 0.3 percent to 0.7 percent respectively. Statistical analy- 
ses showed that variations between treatments and between days 
were not large enough to be significant. 


Group Two 

All chemical treatments except MCPA and 2,4,5—T, significantly 
increased the nitrate content in Eupatorium maculatum at some 
time during the two week period. There was an immediate increase 
(24 hours) in nitrate concentration followed by a decline over the 
two week period. There was no definite pattern of nitrate increase 
or decrease after the first day, i.e., some treatments, 2,4—D, CIPC 
and DNBP, caused a gradual increase in nitrate followed by a 
decrease while MH brought about a decrease in nitrate followed 
by an increase. MCPA produced significant decreases at the fourth 
day intervals. On the fourteenth day, only the plants which received 
the DNBP tratment remained significantly higher in nitrate than 
the control. 

On the first day following treatment of Impatiens biflora (Table 
1), significant increases were observed for all treatments except that 
of DNBP. In most cases the nitrate content of sprayed plants re- 
mained relatively constant throughout the two-week period. The 
nitrate level of the control increased constantly, with the result that 
at the end of the two-week period only the MCPA treated plants 
remained significantly higher in nitrate than the control. 

No significant increases in nitrate content of Sambucus canaden- 
sis were obtained from any of the herbicide treatments. ‘The 2,4—D 
treatment caused a highly significant reduction in nitrate content 
for at least four days following the application. However, the nitrate 
level in this treatment was similar to that in the majority of other 
treatments at the end of the two-week period. The nitrate level in 
the 2,4,5—-T sprayed plants remained normal for the first four days 
but was considerably reduced at the end of two weeks. 

Chemical treatments, with the exception of DNBP, caused a 
significantly lower content of nitrate in Solanum Dulcamara (Table 
1). On the fourth day following application of the chemicals, the 
DNBP treated plants contained a significantly greater amount of 
nitrate than the control. However, analyses at the end of the two- 
week period showed that the nitrate content of these plants had 
fallen much below that of the control. 
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Group Three 

The nitrate content of this group differed significantly between 
treatments as well as between days following treatment. 

No increases in nitrate content were caused by any of the herbi- 
cidal treatments in Ambrosia elatior. The nitrate levels were reduced 
by all treatments but most effectively by 2,4—D; at the end of two 
weeks the nitrate levels of sprayed plants were well below those of 
the control. 

The results of treating Amaranthus retroflexus (Table 2) indicate 
that on the first day following the application of the herbicides, the 
nitrate content of all treated plants, except those treated with CIPC, 
was significantly lower than that of the untreated plants. The nitrate 
level of all treated lots increased on the second and third days. On 
the fourth day the nitrate content decreased as compared to the 
control and after two weeks the nitrate level of all treated plants 
was considerably below that observed on the first day. In plants 
treated with DNBP and MH the nitrate content was significantly 
higher on the fourteenth day than in untreated plants. 

Unlike most of the weeds studied, there was no consistent upward 
or downward trend in the nitrate content of Polygonum Convolvu- 
lus (Table 2). The nitrate levels varied considerably from day to day 
but the pattern was not consistent for the different treatments. 
Plants treated with 2,4—D contained a significantly higher level of 
nitrate than the control on the first, and fourteenth days, following 
spraying. Plants treated with 2,4,5-T contained a higher level of 
nitrate than the untreated plants on the fourth and fourteenth days, 
while plants which were treated with MCPA contained more nitrate 
on the fourth day. The increases in nitrate were not significantly 
higher than in the control plants, except in the plants treated with 
2,4,5-T. 

The nitrate levels of Polygonum Persicaria (Table 2) varied con- 
siderably among herbicides on the first day following treatment. 
All compounds except 2,4-D brought about significant reductions 
on the first day. The nitrate content generally increased by the 
fourth day but the increases were not significantly different from 
the control plants. On the fourteenth day, only the 2,4—D had failed 
to cause a highly significant decrease in the nitrate content of this 
weed. 


Group Four 

Poa pratensis (Table 2) was found to contain very low amounts 
of nitrate throughout the period in which analyses were made. 
There were differences in nitrate content between the 24 hour peri- 
ods in which analyses were made. However, the differences were 
due to the downward trend in nitrate content which occurred in all 
Poa samples and appeared to be unrelated to herbicidal treatment. 

The results obtained from the treatment of Spiraea alba were 
similar to those obtained for Poa pratensis. 
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DISCUSSION 


A number of research workers have shown that sub-lethal dosages 
of 2,4—-D, and other herbicides, have remarkable effects on the metab- 
olism of the treated plants (1, 3, 6, 9, 15). Not all species of plants 
are affected in the same manner nor to the same degree. This is 
evident from the varying degrees of tolerance exhibited by different 
species of plants to a particular chemical. The metabolic abnormali- 
ties, brought about by herbicidal treatment, may cause plants to 
accumulate nitrate in the same manner as is done when plants are 
placed under adverse growing conditions, such as drought. 

Nitrate accumulation following treatment with 2,4—-D has been 
reported in the case of Chenopodium album (18). This effect was 
not found in this study and may be accounted for by differences in 
environmental conditions under which the work was done. Bradley 
et al. (2) showed that the type of soil determined to a great extent 
the amount of nitrate in plants, even when the nitrate level of the 
soil was high. Wide differences in soil types and soil moisture condi- 
tions may give rise to entirely conflicting results. 

Herbicidal treatments used in this study did not affect the nitrate 
content of the following species: Chenopodium album, Cirsium 
arvense, Prunus virginiana and Thalictrum dioicum. 

The herbicidal treatments on two species, Eupatorium macula- 
tum and Impatiens biflora, caused rapid increases in nitrate content. 
In the majority of weeds treated there was either a reduction or no 
change in nitrate content during the period in which analyses were 
made. 

Some weeds, for example: Ambrosia elatior, Amaranthus retro- 
flexus and Polygonum Persicaria, were observed to accumulate ni- 
trate on the second, third and fourth days following herbicidal treat- 
ment. In these weeds there was some reduction in nitrate content 
from the fourth to the fourteenth day following treatment. These 
increases and decreases in nitrate level occurred in both the treated 
plants and the controls, indicating that factors other than the herbi- 
cidal treatments contributed to the changes in the nitrate levels. 
Variations of temperature, light, moisture and the progress of the 
plants from one stage of growth to another could account for the 
changes in the nitrate level of both treated plants and the control. 

In no case did any particular herbicidal treatment result in con- 
sistently higher or lower nitrate levels in all species. For example, 
it was observed that the 2,4—D treatment caused lower nitrate levels 
than the other treatments when applied to Ambrosia elatior, Sam- 
bucus canadensis and Polygonum Persicaria. The reverse was true 
in the case of Polygonum Convolvulus. 

Ten of the 14 weeds were found to contain nitrate levels in excess 
of the one and one-half percent considered by Bradley et al. (2) to 
be the maximum concentration of nitrate in plants which livestock 
could safely consume. These ten weeds were: Amaranthus retro- 
flexus, Ambrosia elatior, Chenopodium album, Cirsium arvense, 
Eupatorium maculatum, Impatiens biflora, Polygonum Convolvulus, 
Polygonum Persicaria, Sambucus canadensis and Solanum Dulca- 
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mara. In only two weeds could the toxic level of nitrate be attributed 
entirely to the effects of herbicidal treatment. The application of 
2,4-D, DNBP, CIPC and MH to Eupatorium maculatum resulted 
in a rapid accumulation of nitrate to the extent that the plant could, 
if consumed by livestock in sufficient quantities, cause nitrate poison- 
ing. The application of MCPA, CIPC and MH to /Jmpatiens biflora 
resulted in similar increases in nitrate concentration. 

Livestock poisoning by Solanum Dulcamara and Prunus virgini- 
ana frequently has been reported. The 2,4—D and 2,4,5-T treat- 
ments, which often have been employed in eradicating these two 
species, did not result in increased levels of nitrate in these plants. 

The data indicate that large day to day variations in nitrate 
content were common and were often of greater significance than 
the variations due to the chemical treatments. 


SUMMARY AND CONCLUSIONS 


1. Fourteen species of weedy plants were treated with six different 
herbicides and the effect of the treatments on the nitrate content was 
determined. 

2. The herbicides were applied at sub-lethal dosages and analyses 
of the nitrate content were made on the first, second, third, fourth 
and fourteenth days following the application. 

3. The nitrate content of the weeds was determined by a compari 
son with standard solutions of potassium nitrate using a method 
involving the nitration of 3,4—xylenol. 

4. The nitrate level of four of the treated weeds were unaffected 
by the herbicidal application. These weeds were: Chenopodium 
album, Cirsium arvense, Prunus virginiana and Thalictrum dioicum. 

5. Herbicidal treatment of five of the weeds resulted in significant 
increases in nitrate content. These weeds and treatments were: 

a. The DNBP treatment of Amaranthus retroflexus 

b. The 2,4-D, DNBP, CIPC and MH treatments of Eupator- 
um maculatum 

c. All herbicides on Jmpatiens biflora 

d. The 2,4-D, 2,4,5-T and MCPA treatments of Polygonum 
Convolvulus 

e. The DNBP treatment of Solanum Dulcamara. 

6. Herbicidal treatments of Polygonum Persicaria caused signifi- 
cant reductions in nitrate content. 

7. Ten of the 14 weeds studied contained nitrate in sufficient 
quantities to cause nitrate poisoning of livestock if consumed in 
considerable quantities even though no sprays had been applied. 

8. In only two of the weeds could the accumulation of toxic con- 
centrations of nitrate be attributed solely to the effect of herbicidal 
treatment. These two weeds were Eupatorium maculatum and Im 
patiens biflora. 

9. No herbicide appeared to have the same affect on all of the 
weeds tested. 
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10. Of the two weeds, Chenopodium album and Amaranthus retro- 


flexus, previously reported to accumulate nitrate following treat- 
ment with 2,4—D (8), it was found that Chenopodium was not af- 
fected by any of the treatments and Amaranthus accumulated nitrate 
only as a result of the DNBP treatment. 
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Effects of Amino Triazole Salts and Derivatives on Cotton 
Defoliation, Growth Inhibition and Kespiration 


C. S. Micter and Wayne C. Hatt! 


HE compound 3—amino-l, 2,4-triazole (ATA) is water soluble, 

heterocyclic and will react with most acids and bases to form 
salts (1). Several workers (2, 6, 9) have reported that ATA is a prom- 
ising herbicide for the control of a number of weed species. ATA 
was first noted to have defoliating and regrowth-inhibiting proper 
ties on cotton in tests conducted by workers of the Texas Agricul- 
tural Experiment Station in 1952 (3). The compound was found to 
increase the effectiveness of many commercial defoliants while add- 
ing the property of regrowth inhibition (10). During 1954 and 1955, 
a number of tests were conducted with various salts and derivatives 
of ATA in the hope that they would be more effective at lower rates 
as cotton defoliants and regrowth inhibitors, The present paper com- 
pares the performance of ATA with eight of its salts or derivatives 
which were found to be the most successful in defoliating cotton 
and controlling regrowth after preliminary screening in the green- 
house. 

MATERIALS AND METHODS 


ATA, the acetate, hydrochloride, lactate, nitrate, pentachloro 
phenol, phosphate, and sodium salts of ATA, and 3-(salicylidene 
amino)—1,2,4—triazole (SATA) were used in the studies. Aqueous 
solutions of ATA and its formulations were prepared on the amino 
triazole equivalent basis except where noted in Table 1. 

Cotton plants of the Deltapine variety used in the study were 
either grown in fertile soil in three-gallon jars in the greenhouse o1 
in the field according to the cultural practices of the area. The com- 
pounds were applied after approximately 50 per cent or more of the 
bolls had opened. Eight or more cotton plants were used for each 
treatment in the greenhouse studies. In the field applications, two 
row plots approximately 100 feet long with a buffer row between 
plots were employed. The experimental design for the field tests was 
a randomized block with three replications. Leaves were counted 
prior to and either 8 or 10 days following application to determine 
the percentage defoliation. Defoliation percentages in the field were 
based on ten randomly selected plants per plot or 30 plants per 
treatment. The regrowth produced in 3 weeks by eight or more 
plants per treatment in the greenhouse and by ten plants per plot 
in the field were collected, combined for each treatment, and 
weighed. In the greenhouse experiments, the aqueous solutions were 
applied with a carbon dioxide-pressured hand sprayer until the 
foliage was thoroughly wetted. Compounds were applied to field 
plants in 32 gallons of water per acre by means of a high clearance, 
self-propelled sprayer. 

‘Research Fellow and Professor, Dept. of Plant Physiology and Pathology, 
Texas A. and M. College System, College Station, Texas 
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Prior to the field applications the relative growth inhibiting prop- 
erties of ATA and six of its salts were assayed by the Avena coleop- 
tile section straight growth test. It was hoped that this would serve 
as a quick method to determine the regrowth inhibiting potential 
of the compounds in the field. Avena seedlings were grown in the 
dark in moist vermiculite in stainless steel trays at 25° C. At 82 to 84 
hours of age the seedlings were selected for uniformity, the apical 
2 to 3 mm. of the tip was removed, and 5 mm. sections were cut with 
a double bladed tool. The sections were pooled and a random selec- 
tion of 20 was placed in a petri dish containing 20 ml. of the test 
solution. ATA or its salts at concentrations of 100 and 500 ppm were 
added to a basal solution containing citric acid monohydrate, dibasic 
potassium phosphate buffer (pH 5.0) and 3 per cent sucrose. The 
assay was repeated three times using different lots of coleoptiles. 
Ihe sections were allowed to grow in the dark at 25-26° C. for a 
period of 16 hours, after which their lengths were measured under 
a wide-field microscope fitted with an eyepiece micrometer. Growth 
of Avena sections has been found to be linear with time for 18 hours 
(8). The results are expressed as the mean per cent elongation in 16 
hours. 

The ability to stimulate respiration appears to be an important 
attribute of a successful cotton defoliant (5, 7). Therefore, the effects 
of ATA and its derivatives on oxygen uptake of treated and un- 
treated Avena coleoptile sections and cotton leaf discs were deter- 
mined with a Warburg-type micro-respirometer according to meth- 
ods previously described (5, 11). ‘'wo-tenths ml. of 20 per cent KOH 
was used in the center well and an oscillation rate of 180 strokes per 
minute was employed. The flasks were allowed 15 minutes to reach 
equilibrium with the temperature of the bath before closing the 
manometer stopcocks. All measurements were made at 25° C. 

At the time of cutting the Avena sections for the straight growth 
measurements, comparable samples were cut for respiratory meas- 
urements, Twenty sections were placed in duplicate flasks, each con 
taining 2 ml. of the test solution. 

len mature cotton plants per treatment were sprayed with a hand 
sprayer using 4,000 ppm concentrations of ATA and the different 
salts. At 4 and 26 hours after application, leaf discs were cut with a 
No. 6 cork borer, with no more than three discs being taken from a 
single leaf. ‘I'wenty discs were placed in each duplicate flask. 

Following oxygen uptake measurements, the sections and discs 
were oven dried at 65 to 75° C. to constant weight. The results were 
expressed as microliters of oxygen consumption per mg. dry weight 
per hour (Q 


~U2 


RESULTS AND DISCUSSION 


Greenhouse and field tests. Representative results obtained in the 
greenhouse in 1954 are summarized in Table 1. The plants were 
active at the time of application and gave better defoliation at the 
lower rates than is usually obtained. Comparison on an ATA equiva- 
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Table 7. Effects of amino triazole, salts of amino triazole and derivatives on 
defoliation and regrowth of greenhouse grown cotton in 1954. 


| Concentration in ppm 


Defoliation Regrowtl 
Chemical Total ATA in 10 days (after 3 weeks 
chemical equivalent pet gms /plant 
basis | basis 

ATA 1,500 1,500 54.3 12.3 
ATA. 5,000 5,000 85.7 38 
Acetate salt of ATA 1,500 873 70.0 90 
Acetate salt of ATA | 5.000 2,910 86.4 5.0 
Hydrochloride salt of ATA 1,500 1.045 67.1 43 
Hydrochloride salt of ATA 5,000 3,485 68.8 4 
Nitrate salt of ATA | 1,500 856 56.6 62? 
Nitrate salt of ATA 5,000 2,855 88.6 31 
Phosphate salt of ATA | 1,500 | 693 73.8 4 

Phosphate salt of ATA | 5,000 2.310 88.9 48 
Sodium salt of ATA 1,500 1,188 75.9 23 
Sodium salt of ATA 5,000 3,960 84.0 1.3 
Pentachlorophenol salt of ATA 1,500 570 66.0 70 
Pentachlorophenol salt of ATA 5.000 1.900 63.0 0 
Lactate salt of ATA 1,500 870 65.8 4 

Lactate salt of ATA 5.000 2.900 87.0 48 
3-(Salicylideneamino)-1,2,4-triazole 1,500 1,125 77.3 12.5 
3-(Salicylideneamino)-1,2,4-triazole 5,000 3.750 80.0 > 


lent basis indicated increased defoliating activity of the salts and 
SATA over ATA. On the ATA equivalent basis the salts and SATA 
were also equal to or better in controlling regrowth than ATA. 
At low concentrations of compounds, to permit further study of 
possible differences in regrowth-retarding ability, all treatments gave 
poor defoliation in the greenhouse during 1955 (Table 2). The 


Table 2. Effects of amino triazole, salts of amino triazole and derivatives on 
defoliation and regrowth of greenhouse grown cotton in 1955, 


/ . Concentra- Defoliation Regrowth 
Chemical tion in ppm in 10 days after 3 weeks 
pet gms/plant 
ATA 1,500 32.1 12 
Acetate salt of ATA.. 1,500 34.0 19.0 
Hydrochloride salt of ATA 1,500 33.8 90 
Phosphate salt of ATA 1.500 Ta 14.0 
Lactate salt of ATA. 1,500 30.9 8.0 
Sodium salt of ATA 1.500 248 45 
1,500 22.0 12.0 


Nitrate salt of ATA 


‘ATA equivalent basis 


plants were slightly inactive at the time the chemicals were applied. 
The difference in defoliation obtained with 1500 ppm ATA in 1954 
and 1955 clearly demonstrates the variability encountered in cotton 
defoliation work, even under greenhouse conditions, and empha- 
sizes the importance of plant activity and the proper timing of 
defoliant application. Based on the 1955 greenhouse results, the 
hydrochloride, lactate, sodium, and nitrate salts were superior to 
ATA in retarding regrowth. The sodium salt was the most effective, 
and the acetate salt the least effective in inhibition of regrowth. 
Figure 1 compares differences among the salts in controlling re- 
growth 3 weeks after appliaction to plants in a 1956 greenhouse test. 
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Field tests conducted during 1954 and 1955 in the Brazos River 
Valley and during 1955 in the Lower Rio Grande Valley showed 
no consistent advantages of the salts over ATA as a cotton defoliant 
(Tables 3 and 4). Statistical analyses of the data confirmed that 
differences in defoliation were not significant in any of the field 
tests for either the 1 or 2 pound rates. Poorer defoliation in the 
Lower Rio Grande Valley can be partly attributed to an inadequate 
late season insect control program that permitted shedding of all 
upper bolls and which caused extremely vegetative plants. In all 
field tests the 1 pound rate of the nitrate salt gave better defoliation 
than higher rates of this salt. In general, regrowth was reduced more 
by the salts than with the same rate of ATA, the differences being 
Statistically significant. Regrowth in the 1955 test in the Brazos River 

Valley was destroyed by leaf worms prior to its collection. 

Although some of the greenhouse results indicated that the salt 
formulations were more active than ATA as defoliants, this was not 
confirmed in the field tests presented (Tables 3 and 4) or by the 


lable 3. Effects of amino triazole, salts of amino triazole and derivatives on the 
defoliation and regrowth of cotton grown in the Brazos River Valley without 
(1954) and with (1955) irrigation. 


| 1954 1955 
Chemical Applic ation | 
b/A! | Defoliation | Regrowth in| Defoliation 
| im 10 days 3 weeks in 8 days 

pet gms/plot pet 

ATA 1.0 | 93.6 20.0 g5 1 
ATA 5 92.1 18.4 

ATA 2.0 91.8 8.6 12.8 
Acetate salt of ATA 0.75 91.6 22.0 

Acetate salt of ATA 1.0 87.1 

Acetate salt of ATA 2.0 86.3 

Hydrochloride salt of ATA 1.0 89.2 

Hydrochloride salt of ATA 2.0 90 8 

Lactate salt of ATA 1.0 - 90.6 

Lactate salt of ATA 2.0 91.2 
Nitrate salt of ATA 0.75 7.7 0 

Nitrate salt of ATA 1.0 g 

Nitrate salt of ATA 2.0 84.6 
Phosphate salt of ATA 0.67 89.7 16.0 

Phosphate salt of ATA 1.0 | 7S 8 

Phosphate salt of ATA 2.0 | 29 0 
Pentachlorophenol salt of ATA 0.57 94.8 34.0 

Sodium salt of ATA 1.0 841 

Sodium salt of ATA 2.0 | 94.5 
Salicylideneamino)-1,2,4-triazole 1.13 91.7 18.0 


Applications expressed on the ATA equivalent basis. 


results of other field applications. It is apparent that the percentage 
defoliation obtained in the field depends primarily upon the actual 
amount of ATA applied rather than the formulation of ATA used. 
Figure 2 shows excellent defoliation and regrowth control in irri- 
gated cotton from an aerial application of a combination of mag- 
nesium chlorate and ATA. 

Avena section experiments. Percentage elongation and oxygen up- 
take of Avena sections floated on buffered solutions are shown in 
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growth of cotton grown under irrigation in the Rio Grande Valley in 1955. 


‘ATA equivalent basis 





Figure 1. Regrowth inhibition by ATA and its salts three weeks 
after application to greenhouse-grown cotton. Bottom, left to 
right—1,500 ppm ATA, 5,000 ppm nitrate salt of ATA, 1,500 
ppm nitrate salt of ATA, 1,500 ppm hydrochloride salt of 
ATA, and 5,000 ppm hydrochloride salt of ATA. Top, left to 
right—5,000 ppm ATA, 1,500 ppm phosphate salt of ATA, 
5,000 ppm phosphate salt of ATA, 1,500 ppm sodium salt of 
ATA, and 5,000 ppm sodium salt of ATA. 








Table 4. The influence of amino triazole and its salts on defoliation and re- 


Application Defoliation Regr »wth i 

Chemical Ib/A in 8 days 3 weeks 

pet gms/plant 
ATA.. - 1.0 ) 6? 
ATA... 0 5.0 32.5 
Nitrate salt of ATA 1.0 73.8 13.9 
Nitrate salt of ATA 0 64.0 20.6 
Phosphate salt of ATA 1.0 56.3 12.5 
Phosphate salt of ATA ) x 13.3 
Lactate salt of ATA. 1.0 1 5.4 
Lactate salt of ATA 0 3 19.5 
Hydrochloride salt of ATA 1.0 5 22.5 
Hydrochloride salt of ATA 4 0 23.1 
Sodium salt of ATA 1.0 1.8 31.2 
Sodium salt of ATA 0 54.4 13.4 
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Figure 2. Bottom—defoliation of irrigated cotton with a mag- 
nesium chlorate-ATA combination. Top—same field showing 
excellent regrowth control 514 weeks after application. 


lable 5. The acetate salt of ATA was the most effective in inhibiting 
growth of Avena sections, yet gave poor control of cotton regrowth 
in the field compared to ATA. It was thought that poor absorption 
or translocation of the acetate salt by intact plants caused the 
reduction in inhibition. A wetting agent added to the acetate salt 
when applied in the field, however, did not increase defoliation or 
inhibition of regrowth. 

ATA, at the low concentrations used, exhibited very little influ- 
ence on elongation of the sections when compared to the control. 
A previous study (4) without added sucrose in the buffer solution 
showed that growth of Avena sections decreased as ATA concentra- 
tion increased up to 8,400 mg/1. 

The hydrochloride, lactate, nitrate, and sodium salts caused vary- 
ing degrees of inhibition. The unexpected stimulation in growth of 
sections at the higher concentration of the phosphate salt was con- 
sistently reproducible and merits further study. Since all solutions 
contained the phosphate buffer, it is apparent that growth stimula- 
tion was not due solely to inorganic phosphate. When applied to 
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Table 5, Influence of amino triazole and its salts on growth and oxygen uptake 
of dark-grown Avena coleoptile sections. 








Con- Percentage oO 
Chemical centration elongation |,I1s 02/mg/hr 

ppm in 16 hrs. 
Control (basal solution only) 38.9 3.17 
ATA 100 38.4 4.5 
ATA ; 500 37.8 4.74 
Acetate salt of ATA 100 26.6 5.98 
Acetate salt of ATA.. 500 0.0 4.48 
Hydrochloride salt of ATA 100 35.9 554 
Hydrochloride salt of ATA 500 27.7 5.36 
Lactate salt of ATA.. 100 31.6 4.76 
Lactate salt of ATA 500 29.3 5.81 
Nitrate salt of ATA 100 32.8 § 
Nitrate salt of ATA 500 15.2 58 
Phosphate salt of ATA 100 38.8 5.52 
Phosphate salt of ATA 500 50.7 5.55 
Sodium salt of ATA. 100 30.8 45 
Sodium salt of ATA Pa 500 25.7 4.85 





intact cotton plants, the phosphate salt inhibited secondary growth. 
Thus it appears that the Avena straight growth test is not highly 
reliable as a screening method for potential regrowth inhibitors for 
cotton. 

The average oxygen uptake values of Avena sections floated on 
the various salts are given in Table 5. ATA and the salts stimulated 
oxygen uptake of the sections over the controls. Respiration in 
creased with an increase in concentration from 100 to 500 ppm with 
the exception of the acetate salt. 

Oxygen use of cotton leaf discs. Average Qos values at 4 and 26 
hours after treatment are found in Table 6. The sodium and lactate 
salts of ATA caused the greatest stimulation and the hydrochloride 
salt the greatest reduction in respiration shortly after application. 
At the end of 26 hours all oxygen uptake values were approximately 
the same as the control. It was found in an earlier study (4) that 84, 
840, and 8,400 mg/1 of ATA increased the oxygen uptake of cotton 
leaf discs from 20 to 60 per cent over controls within 3 hours 
following treatment. Between 24 and 48 hours after ATA applica- 
tion, oxygen uptake was inhibited by the 2 higher levels of ATA 
and had dropped below that of the controls at the 72 hour measure 
ments. At the 84 mg/1 level the respiratory rate increased progres 


Table 6. Effect of amino triazole and its salts on oxygen uptake of leaf discs from 
field-grown cotton. 





Con- Qor-pls. O2/meg/hr 
Chemical centration : 

ppm After 4 hrs After 

Control (untreated) - 1.54 1 
Ty ee 4,000 157 14 

Acetate salt of ATA 4,000 1.66 1.41 
Hydrochloride salt of ATA 4.000 12 
Lactate salt of ATA.. 4,000 » 20 
Nitrate salt of ATA... 4.000 1.69 
Phosphate salt of ATA 4,000 1.48 

4.000 2.271 14 


Sodium salt of ATA.. 
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sively up to 72 hours after treatment. Based on the results of both 
the present and previous (4) studies, it appears that the initial effect 
of ATA is to stimulate respiration in cotton leaf blade tissue fol 
lowed by inhibition with time at levels above 840 mg/1. The degree 
and rate of inhibition apparently depend on the concentration of 
ATA and the time after application. 


SUMMARY 

1. The defoliating and regrowth-inhibiting properties of amino 
triazole and eight of its salts or derivatives were compared in green- 
house and field tests conducted during 1954, 1955 and 1956. The 
phosphate salt gave the highest defoliation, and regrowth was in- 
hibited most by the sodium salt in the greenhouse tests. Significant 
differences in defoliation were not demonstrated between amino 
triazole and salts of amino triazole in the field tests. 

2. Elongation of Avena sections was inhibited significantly by the 
acetate, hydrochloride, lactate, nitrate, and sodium salts of ATA, 
while the phosphate salt stimulated Avena section growth. Subse- 
quent testing of the compounds on field-grown cotton for their abil- 
ity to inhibit regrowth showed that the straight growth Avena sec- 
tion assay method is not adequate for screening potential cotton 
regrowth inhibitors. 

3. Amino triazole and salts of amino triazole generally caused an 
initial stimulation of respiration of Avena sections and cotton leaf 
discs. After 26 hours the oxygen uptake of treated leaf discs was 
approximately the same as controls. 
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Chemical Weeding and Thinning when Using Pelletized 
Vegetable Seeds' 


V. L. GuzMaAn? 


we a small seed is covered with an inert material which makes 
it relatively large and round, it is called a pelletized seed. The 
main advantage in using pelletized vegetable seeds is that they can 
be planted at regulated distances from each other. This decreases 
the number of doubles and makes thinning easier and cheaper. If 
perfect seed germination and seedling survival were possible, pelle- 
tized seed could be planted at the distance required for each crop 
and thinning could be eliminated. This is impossible in practice, 
however, and more seeds than are required for final stand must be 
planted. As a result, thinning is necessary. This is usually done by 
hoeing out the extra plants. Ww eeds in the rows are removed at the 
same time. 

Hoeing tends to nullify the effect of pre-emergence chemical weed 
control by disturbing the soil which results in the emergence of new 
weed seedlings in the row. If an appropriate herbicide could be 
employed for thinning as schematically indicated in Figure 1, the 





Figure 1. Theoretical pattern of chemical thinning. The 
plants in the dark sprayed areas would have been killed, 
whereas the plants in the narrow unsprayed areas would 
have been the ones remaining to maturity. 


*Presented at the National Meeting of the Weed Society of America, New York 
City, January 6, 1956. Florida Agri. Exp. Sta. Jour. Series, No. 569 
*Everglades Experiment Station, Belle Glade, Florida. 
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soil would not be disturbed and some herbicidal effect could be 
added to the pre-emergence treatment. This should result in better 
and more lasting control of weeds than is the case with mechanical 
thinning. Furthermore, by using a tractor-mounted and operated 
spray rig more efhcient thinning might be obtained. A series of 
experiments has been conducted to test the validity of this 
hypothesis. 


METHODS 


Pelletized cabbage, lettuce and pepper seeds were planted in muck 
soil 2.5 to 4.5 inches apart and between 14 and 14 inch deep using 
a Cole planter with a modified asparagus seed plate (Figure 2). It 
was possible to plant each seed at any desired distance by plugging 
one or two alternate holes in the plate and changing the gear ratios 
of the planter. 





Figure 2. Standard Cole planter with asparagus plate. Note 
that only one seed is picked up in each hole of the 
planter. 


Pre-emergence weed control treatments consisted of 10 pounds ol 
isopropyl N-(3—chlorophenyl) carbamate (CIPC) for lettuce, 4 to 8 
pounds of 2-chloroallyldiethyldithiocarbamate (CDEC) for cabbage 
and 10 pounds of octachlorocyclohexenone (Oktone) for peppers. 
Chemicals are expressed in pounds per acre of active ingredient. 
Chemical thinning was done 2 to 3 weeks after emergence by using 
an herbicide (for residual weed control) mixed with oil, mineral 
spirits or diesel oil (for contact kill, thus for thinning). Materials 
were applied either with a knapsack sprayer or by means of a powe 
sprayer operated from a tractor. In the former case, flow was con 
trolled with a mechanical valve manipulated by hand. With the 
power sprayer, flow was controlled as above in one case, and by 
means of a solenoid valve in another. Current was supplied for the 
solenoid from a 6-volt battery, and was manipulated by hand 
through a door switch. The ground speed of the tractor was | mph 
in the pepper experiment and 0.64 mph in the cabbage factorial 
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experiment. In the latter case the thinning nozzles were placed 3 
inches above the ground and each equipped with 10-pound check 
valves. Spraying pressures varied from 10 to 15 psi. 

In the first three experiments crops were harvested 5 to 6 weeks 
after planting. In the later three experiments two rows per treat- 
ment were planted at half the row distance required for the crop; 
one row was harvested 5 to 6 weeks after planting and the other 
row left to grow to maturity, at which time it was harvested. 

In order to ascertain the effect of drift of the thinning material 
on the crop plants, wind velocity was taken 2 inches above the soil 
surface by means of a Keuffel & Esser anemometer. 

Plots were single or double rows, 30 feet long and replicated six 
times, except in the factorial experiment which was so three 
times. In the 3 x 3 x 3 factorial experiment seeding distances were 
indicated by: So—2.5 inches, S,—3.5 inches and S.—4.5 inches. Rates 
of pre-emergence treatment were: Cy—none, C,—-4 pounds and C,-8 
pounds of CDEC. The rates of thinning material (Oktone) was 
indicated by: O g-none, O,-2 pounds and O,-4 pounds. Where 
no chemical was used (Og), thinning was done by hand hoeing. 
Where thinning was done by Oktone in diesel oil (O, and O,) the 
spray assembly and solenoid valves were mounted and operated from 
a tractor. 


RESULTS 


Although the data presented in Table 1 show no significant differ- 
ences in the stand of lettuce and cabbage, plants thinned chemically 
were heavier than those thinned with a hoe. In addition, better 
weed control was obtained with chemical than with mechanical 
thinning. Chemical thinning was done when the wind velocity was 
nil. 


Table 1. Effects of thinning by hoeing and thinning with chemicals applied 
with a knapsack sprayer on the stand and weight of 20 lettuce and cabbage 
plants and weed control. 


Crop Method of Plants Plant weight | Weed control 
thinning per 30 feet gms index! 
Lettuce Hoed 30 151 5 
CIPC—4 Ib/A 26 208* 9 
Cabbage Hoed 34 161 5 
Oktone—4 Ib/A 32 211* 7 
*Significantly different from hoed at 5% level 


), no control; 10, excellent control 


The results of the second experiment are shown in Table 2. 
Chemical thinning was done with a knapsack sprayer when the 
wind was blowing at 3 mph. Better weed control was obtained by 
chemical thinning than by hoeing and, in general, stand and weight 
of lettuce and cabbage plants were not altered by the treatments. 
There was an exception, however, in the case of the cabbage plants 
treated with CDEC, where the stand was significantly better. This 











230 WEEDS 





Table 2. Stand and weight of 20 lettuce and cabbage plants and degree of weed 
control obtained by mechanical thinning in comparison to chemical thinning 
using a knapsack sprayer on seedlings spaced 4 inches apart. 

















Crop | Method of | Plants per | Plant weight Weed control 

thinning 30 feet | gms index! 
Lettuce. | Hoed 28 204 6 
| CIPC—4 Ib/A 25 205 9 
CDEC—4 Ib/A 25 179 9 
Cabbage....... a ‘ Hoed 25 268 6 
| Oktone—4 Ib/A 25 | 233 ) 
CDEC—4 Ib/A | 29* } 255 9 

| 





*Significantly different from hoed cabbage at 5% level. 
10, no control; 10, excellent control. 


nearly perfect stand (30 plants per 30-foot row would be perfect) is 
not attributed to chemical thinning but to an increase in the oper- 
ator’s efficiency which was gained by experience. Chemical thinning 
started early in the morning with the Oktone treatment and by the 
time the CDEC plots were thinned the operator had gained sufficient 
co-ordination to do an excellent job. 


Table 3. Effect of methods of thinning on stand, weight, number of doubles of 
pepper plants and weed control. 




















Average stand in 30 feet Average | Weight of 
Method of thinning — —)——_—_—_—— doubles 20 plants Weed ; 
Before After in 30 ft grams control! 
thinning thinning 
SP eee ee 59 29 0.6 370 5 
Oktone—4 Ib/A by hand sprayer. 58 27 0.6 320 6 
Oktone—4 Ib/A by power sprayer 62 21* 0.8 287** 6 





10, no control; 10, excellent control. 
*Significantly different from hoed at 5% level. 
**Significantly different from hoed at 1% level. 


In the data presented in Table 3, reduction in stand and weight 
of pepper plants was associated with thinning when using a tractor 
at | mph speed. This can be attributed to (1) effect of wind drift on 
the crop (wind with gusts up to 4 mph), (2) the relatively fast speed 
of the tractor, and (3) the slow action of the hand operated mechani- 
cal valves for the spray jets. It was visible immediately after chemical 
thinning that plants not intended to be sprayed were damaged by 
drift or by light contact with the chemical. Pepper plants which 
were only injured were delayed in growth, resulting in loss of weight 
per plant. Weed control in plots chemically thinned was not as 
efficient as expected. 

Tables 4 and 5 give the results of the third and fourth experi- 
ments on lettuce and on cabbage, respectively, when thinning was 
done using a knapsack sprayer. In both cases better weed control 
was obtained by chemical thinning than by hoeing (Figures 3 and 
4). The effect of chemical weeding was reflected in fewer man hours 
for thinning and weeding the plots receiving pre-emergence treat- 
ment. It also appears that thinning with a hoe tends to nullify the 
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Table 4. Effects of pre-emergence and thinning chemical treatments on weed 
control, stand, and weight of lettuce plants. 


Pre. Weed Weeding Plants /30 feet Weight 
- 
Pre- emergence Method control and of 20 
Canes gcace weed of after thinning Before After plants 
eatments control thinning thinning! man thinning | thinning grams 
hour/A 
None (check 0 Hoed 6 38.9 75 32 
CIPC 101b/A Hoed 7 16.8 ** 73 32 300 
CIPC 101b/A Oil . 16.2** 74 29 00 
CIPC 101b/A 9 CIPC in oil 10 16.3** 73 0 220 
41b/A 
0. no control: 10, excellent control 
**Significantly different from hoed check at 1% leve 
Table 5 Response to pre-emergence treatments and chemical thinning as 
measured by the degree of weed control, stand, and weight of cabbage 
plants. 
Weed Weed Weeding Plants /30 feet Weight 
Pre- conu Thinnine control and of 
lergence after pre reatmer after thinning Before After plants 
reatments emergence } . man ’ y 
thinning hinning thinning lram 
treatmer hour/A tine 
p check Hoe 29 8 
Cl Bib/A Hoe 8 12.6** 
CDI RIb/A CDE‘ 10 12.2** « 4 )* 
4 it \ 
CDEC 8Ib/A Oktor ..2e9 ’ 
4 it \ 
no contre x n ) 
*Chemically thinned p ts different from plots thinned by hocing at leve 
**Different from pl with no pre-emergence treatment at 1°, leve 





Figure 3. Chemical thinning with CDEC in oil added 
some residual weed control effect to the pre-emergence 
treatment. The check row (lower) was thinned with a 
hoe, which appears to destroy the action of the pre 
emergence treatment; however, lettuce plants on the 
CDEC treated row (upper) appeared slightly stunted 
due to drift of the chemical. 








Figure 4. Effect on weed control and on the cabbage plants 
when thinning was done with CDEC in oil (lower row 
and when thinning was done with a hoe (upper row). 





effect of the pre-emergence treatment. Wind velocity at the time ol 
thinning the lettuce was 2 mph but did not cause significant reduc 
tion in weight. Significantly heavier cabbage plants. were obtained 
when chemical thinning was used. This was probably due to the 
lack of wind drift of the thinning material, which would have 
damaged the crop, and/or the avoidance of root pruning which 
usually results when thinning is done with a hoe. The yield and 
quality of marketable lettuce and cabbage were not affected by the 
treatments. 

Results of a 3 x 3 x 3 factorial experiment with cabbage ar 
given in Table 6. Data showing no significant effect have been 
omitted. In Table 6, it is shown that the various seeding distances 
(So, S; and S,) produced different crop population as anticipated. 
There was a significant increase in the number of cabbage plants 
where 4 pounds of CDEC (C,) were applied as a pre-emergence treat 
ment as compared with 8 pounds of CDEC (C,), but this difference 
disappears when compared with the no CDEC treatment (C). 

The same table shows the effects of seeding distances (Sp, S, and 
S.), on stands of plants after thinning. Closer seeding distances 
(S-2.5 inches) produced an undesirably greater number of plants. 
Rates of Oktone (the thinning material) did not affect the final 
stand of the cabbage plants. The interaction of S x O was significant. 
When the seeding distance was 2.5 inches apart (Sp, closest spacing 
used) chemical thinning (O, and O,) tended to increase the stand 
undesirably over the mechanically thinned. This indicates that 
chemical thinning was not done properly on plants 2.5 inches apart. 

It is noted in Table 6 that close seeding distances resulted in an 
objectionably high number of doubles. A similar adverse effect was 
found when using chemical thinning as compared with no chemical 
thinning. When the number of doubles is considered, the inter 
action of seeding distances and rates of chemical thinning is signif 
cant. Thus when using no chemical for thinning, the seeding dis 
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tances did not influence the number of doubles significantly, but 
when chemical thinning was used, the number of doubles increased 
significantly as the seeding distance became closer. 

In Table 6 it is shown that a significantly longer time was used 
for thinning when there was no pre-emergence weed control. The 
interactions of S x O and C x O are significant. The thinning time 
was not affected by the various distances between plants when 
chemical thinning was used (O, ard O,), but more time was required 
in plants 2.5 inches than at 3.5 or 4.5 inches apart when no chemical 
thinning was employed (Oy). The interaction of C x O indicates 
that when no chemical thinning was used, the time spent in thinning 
increased greatly in plants where no pre-emergence weed control 
was used. 

Significantly larger plants were produced in plots receiving no 
pre-emergence and no chemical thinning (Table 6). 

Number, weight and quality of marketable heads were not affected 
by any treatment or combination of treatments. 


DISCUSSION 


It appears that mechanical thinning tends to destroy the beneficial 
effect of pre-emergence herbicide treatment by disturbing the soil 
surface and also by bringing new weed seeds near the surface where 
conditions for germination are favorable. It is possible that chemical 
thinning adds some residual effect to the pre-emergence treatments; 
therefore, a more lasting weed control is obtained. 

It is of interest to note that in very few cases and only under con 
ditions conducive to damage by wind drift, were stand and weight 
of the plants decreased. Although the reductions in stand were 
significant for young plants, the final marketable yield failed to 
show any detrimental effect. Undesirable stands in many cases were 
due to the inexperience of the operator rather than to wind drift 
damage. This, however, is not intended to minimize the serious 
effect of wind drift when using chemical thinning. 

When the distance between plants was 2.5 inches or less, chemical] 
thinning tended to leave more plants, especially doubles, than was 
desirable. This seemed more pronounced when chemical thinning 
was done with a tractor. In this case even a speed of 0.64 mph 
seemed to be excessive and the eye and hand of the operator could 
not be coordinated adequately for an efficient job. It seems possible 
that a device for operating the solenoid valves automatically would 
give good results. 

Thinning by hoeing in plots not treated for pre-emergence weed 
control took twice as long or more than in plots receiving pre- 
emergence treatments. This was due to the extra time necessary for 
hoeing the weeds. 

When chemical thinning was done using a knapsack sprayer in 
plots treated with pre-emergence, the time spent was about equal to 
that required for thinning by hoeing. However, when a tractor was 
used for chemical thinning a tremendous saving in time was 
obtained. 
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These results appear to indicate that chemical weed control and 
chemical thinning are possible when using pelletized vegetable seeds. 
Tractor mounted and electrically operated valves (Figure 5) seem 





Figure 5. Tractor mounted and electrically operated valves 
proved to be efficient for thinning plants 3.5 and 4.5 
inches apart. 


to be effective in thinning plants 3.5 inches or 4.5 inches apart. Wind 
drift of the thinning chemical was the major cause of damage to the 
crop. However, when the wind was not too strong this damage was 
not reflected in yields or quality of the marketable produce. 

The experiments reported here show the possibilities of chemical 
thinning when using pelletized vegetable seeds. However, before 
this technique can be applied to field conditions further experi 
mental work must be carried out. 


SUMMARY 


Chemical thinning was compared with mechanical thinning when 
using pelletized lettuce, cabbage and pepper seeds planted 2.5 to 
4.5 inches apart. Pre-emergence weeding was obtained by using 10 
pounds of CIPC for lettuce, 4 to 8 pounds of CDEC for cabbage and 
10 pounds of Oktone for peppers. Chemical thinning was compared 
with mechanical thinning and was accomplished with an herbicide 
in oil solution using a knapsack sprayer and a tractor equipped 
with mechanical valves or with electrically operated solenoid valves. 

It was found that; (1) more efficient and better weed control was 
accomplished with chemical than with mechanical thinning, (2) in 
most cases thinning did not affect stand or weight of the plants 
treated, (3) under conditions favorable to wind drift some tem- 
porary weight reduction of the chemically thinned plants occurred, 
(4) a tractor operated spray unit with electrically operated solenoid 
valves, check valves, and wide angle nozzles with the orifice about 
3 inches from the surface of the soil and a ground speed of 0.64 
mph gave excellent results for chemical thinning, (5) pre-emergence 
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application of herbicides when using pelletized seeds facilitated 
chemical thinning, (6) chemical thinning was more effective when 
seedlings were 3.5 and 4.5 inches apart in the row than at closer 
spacings, and (7) chemical thinning tended to increase the number 
of doubles (plants closer than 14 the distance for final stand) as 
compared with mechanical thinning, but did not affect the yields 
or quality of the crop. 
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A Critical Evaluation of the Use of Pre-emergence 
Herbicides for Weed Control in Cotton 


W. K. Porter, JR., C. H. THomas, L. F. Curtis, and D. R. MELVILLE! 


Go 1951 a number of reports on the use of pre-emergence herbi- 
cides for cotton have been published (1, 2, 3, 4), and in several 
cases, these reports included data on the reduction of hand labor 
following the use of chemicals. In 1956, McWhorter et al. (2) re- 
ported that combining chemical treatments with cross-plowing 
resulted in even greater reductions of hand labor than by the use 
of chemicals alone. They also reported that even though the amount 
of hand labor was reduced, both by the use of chemicals alone and 
by a combination of chemical and mechanical means, a correspond- 
ing reduction in the overall weed control cost did not always occur. 


EXPERIMENTAL METHODS 


The results presented in this paper cover a period of 5 years 
(1952 to 1956) and include data from a total of 42 experiments. The 
locations within the State of Louisiana, the soil class, and the num- 
ber of experiments conducted during the various years at specific 
locations are shown in Table 1. During the years 1954 to 1956, a 


Table 7. Number, soil class and location of experiments. 


Year 
Location Soil class 
1952 1953 1954 1955 1956 

Bueche Sandy loam - . i 
Chuneyville Very fine sandy laom 1 ms 
Curtis Fine sandy loam - 4 1 
Essen Lane Silt loam 3 11 
Perkins Road Silt loam 5 
St. Joseph Sandy loam to silt loam 1 1 3 9 2 

Total l 1 6 20 i4 


number of experiments were conducted at several of the stations; 
however, each specific experiment was located on a slightly different 
soil type or was planted at a different date. For example, in 1955 
and 1956, weekly planting dates were used at one location. All of 
the experiments reported on were conducted on soils varying from 
sandy loam to silt loam. 

The minimum plot size used in any experiment was 2 rows wide 
by 65 feet long and all plots were replicated 4 times. In a number 
of experiments larger plots were used. Chemicals were applied in a 
volume of water equivalent to a broadcast rate of 40 gal/A; however, 
the treatments were confined to bands varying in widths from 13 
to 15 in. 

‘Associate Plant Pathologist, Assistant Agricultural Engineer, Research Associ- 


ate and Assistant Agronomist, respectively, Louisiana Agri. Exp. Sta., Baton 
Rouge. 
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Only the data on two materials, isopropyl N-(3—chloropheny]) 
carbamate (CIPC) and the liquid formulation of 3—(3,4—dichloro- 
phenyl)—1,1—dimethylurea (diuron) and a conventionally cultivated 
check will be discussed in this report. CIPC and diuron were used 
at broadcast rates equivalent to 6.0 and 0.75 Ib/A, respectively. In 
the same experiments several other rates of chemicals were used; 
however, the rates chosen gave maximum hoe time reduction with 
higher rates not giving further reductions. 

The hoe time information was collected in the following man 
ner: (1) At least two hoe laborers (the number of rows per plot 
determined the number of laborers used) were ee | to a repli- 
cation. (2) Each plot was hoed and the time recorded. (3) Hoeing 
within a single replication was according to a rset plan. 
In all cases one labor group hoed all of the plots in a single repli 
cation. Therefore, it was not possible for one group to hoe all of a 
single treatment in an experiment without hoeing all other treat 
ments. The coefficient of variability for the hoe times reported 
ranged from 15 to 20%. Plots were hoed only when the weeds 
reached a height of from | to 2 in. 

Cultivation of chemically treated plots was accomplished by 
means of disc-hillers adjusted so as to remove the shoulders of the 
row without disturbing the drill area. Flat sweeps set directly behind 
the disc hillers were used to complete the cultivation of the should- 
ers and middles as well as to reshape the row. The check plots were 
cultivated according to the manner common to the experimental 
area. In some cases this involved flat low-crown sweep cultivation, 
in other cases high-crown deep plowing sweep cultivation and in 
others disc cultivation. In all experiments regardless of the type 
cultivation equipment used, the check plot treatment procedure 
involved “dirting” (soil moved to the drill area by the cultivation 
equipment for the purpose of smothering the young weeds) of the 
drill. 


RESULTS AND DISCUSSION 


Stand counts and yields were taken on 25 of the 42 experiments 
reported on. In no case was there any effect of the chemical treat- 
ment on either. With the exception of | or 2 semi-chlorotic leaves on 
a few plants in 2 experiments treated with diuron at Curtis, there 
was no injury to the cotton plants. 

The average hoe labor requirements of the individual experi- 
ments are presented in Table 2. It may be seen from this table that 
in most cases there is considerable variation between the hoe labor 
requirements from one experiment to the next, even at the same 
location but at a different planting date. This is, of course, caused 
in part by variations in both soil moisture and atmospheric mois- 
ture. Also, the fluctuations between experiments are much greater 
between checks than between chemically treated plots. 

The data presented in Table 2 have been averaged according to 
years and are presented in Figure |. From this figure several points 
become quite apparent. The “first is that the time requirement for 
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Table 2, Hand labor required for weed control in cotton in 42 experiments 
conducted in Louisiana, 1952 to 1956. 


Hours hoe labor /acre 


Year Location and number 

CIPC Diuron Check 
52 St. Joseph 4.0 322 
1953 St Joseph 11.0 13.0 15.0 
1954 Essen Lane (1 23.0 26.4 64.8 
St. Joseph (1 12.9 6.0 38.6 
Essen Lane 14.0 : 128.7 
St. Joseph 8.3 4 34.9 
Essen Lane 21.2 18 92.5 

s Joseph 5 4.5 +1 27.1 
Curtis (1 6.2 48 23.5 
Curtus 12.6 1 27.0 
Curtis (3 9.8 ».7 33.8 
Curtis (4 47 45 16.5 
Perkins Road (1 30.0 0.8 32 5 
Perkins Road (2) 20.4 18.3 0 4 
Perkins Road (5 13.3 21.7 17.5 
Perkins Road (5 10.8 13.8 142 
Perkins Road (2 10.5 6 13.0 
st Joseph 1 3 44 2 
St. Joseph 6.2 6.9 
St. Joseph (3 8 . 11.7 
St Joseph 4 15.0 x 16.5 
St. Joseph (5 12.1 1.6 2 
St. Joseph (2 6.5 8.3 10.8 
St. Josept ».2 11.2 16.9 
St. Joseph (9 6.5 8.7 
St. Josept 5.2 4.2 5.2 
Cheneyville K ) »? 
Bueche 94 . 129 
’ Curt 6.3 46 a7 
St. Josept 6.0 9 18.2 
St. Josep! 8.3 13.1 21.2 
Esse Lane (1 15.2 16.4 43.4 
Essen Lane ) 11.2 13.3 445 
Essen Lane 9.0 145 25 B 
Essen Lane (4 25.8 9s 77S 
Essen Lane 24.2 7 84.2 
Essen Lane 5 s 26.6 
Essen Lane 12.0 46 421 

Essen Lane (8 19.0 -9 

Essen Lane 17.9 2% 
Essen Lane (1 48.3 4 : 
Essen Lane 10.0 48 3 


hoeing chemically treated areas is remarkably constant over the 
period of years. In fact, with the exception of 1952, and that year’s 
data represent only one experiment, there was only a few hours 
variation between the averages of the years. Secondly, there is quite 
a striking fluctuation between years on the time required to hoe 
the non-chemically treated areas. In general, the years 1952 to 1956 
were rather dry during the early spring in most of Louisiana. How- 
ever, in 1952, 1954, and 1956, there was considerably more early 
rainfall (rainfall for a period of 3 to 6 weeks after planting) en 
in 1953 and 1955. In both of the latter years, yen rip so scant 
that cotton seed germination continued over a period of 4 to 6 
weeks. As might be expected, the number of ananal — that 
emerged was small. The small amount of hoe time required for the 
check plots further substantiates this point (Figure 1). Similarly 
Table 3 shows that the range, minimum-maximum hoe requirement, 
was narrower during an excessively dry year (1955) than on years 
with moderate moisture (1954, 1956). . 
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Table 3. Range of labor de arepannennes for non-chemically treated plots. 





Hours hoe labor ‘acre 








Year 
Minimum Maximum Average 
1952 32.2 
1953 - 15.0 
1954 27.1 128.7 64.4 
1955 5.2 33.8 15.8 
1956 8.7 84.2 46.7 
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Figure 1. A comparison between the use of pre-emergence herbicides versus no 
herbicide in terms of the number of hours required for hoeing. 


Two other points that are of interest should be considered. The 
first is that at the rates used in the above experiments CIPC and 
diuron reduced the hoe time to about the same degree (average time 
requirements were 12.60 and 12.06 hr/A, respectively). The second 
point is that the average hoe time requirement of the checks over 
the period of years was about 33.4 hr/A. 

An overall labor saving of 20 to 21 hr/A is of definite value in 
approaching a complete mechanization program. However, it is 
necessary to consider the costs involved to determine whether or not 
such a labor-saving is economically sound. The following assump- 
tions on costs as relating to a hand labor vs. chemical program are 
presented. 

(1) CIPC @ $1.60/lb or $3.20/A 

(2) Diuron @ $6.66/lb or $1. 66/A 

(3) Application and. other related ¢ costs $1.00/A. 
(4) Hand labor @ $0.35/hr. 
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From the above assumptions the so-called “break-even” point is 
12 hrs/A and 7.6 hr/A, respectively for CIPC and diuron. In other 
words it is necessary to reduce hand labor by 12 hr/A if a chemical 
program using CIPC is to cost no more than a full hand labor 
program. 

In Figure 2 the above assumptions have been combined and are 
plotted for the purpose of showing the economic advantage or dis- 
advantage of using pre-emergence herbicides. This figure shows that 
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Figure 2. A comparison between the use of pre-emergence herbicides versus no 


herbicide in terms of the amount of money saved or lost by the use of 
herbicides. 


in 1952, 1954, and 1956, there was a definite monetary gain as a 
result of the use of pre-emergence herbicides. In 1953 and 1955, 
there was an actual loss by use of the herbicides. However, again 
it should be pointed out that the 1953 data represent only one 
experiment. If a number of experiments had been conducted that 
year, the loss might have been less. Since 1953 was a very dry year, 
some loss would have been expected. 

Figure 2 also shows that the rather small difference in the cost 
of diuron ($1.53/A) as compared to CIPC allows for an increased 
margin of gain in years in which there is a rather high weed popu- 
lation (1954, 1956) and helps reduce the loss on low weed popula- 
tion years (1953, 1955). For example in 1955, the net loss/A on 
CIPC treated plots was $2.34 as compared to a net loss of only 
$0.46/A for diuron. This figure also shows that a net gain of $3.08 
and $4.80/A, respectively for CIPC and diuron as compared to no 
chemical treatment was obtained when all years and experiments 
were averaged. 

All the above information shows that in addition to reducing and 
stabilizing the hand labor requirements of cotton, pre-emergence 
herbicides can help to increase the profit of production. On the other 
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hand, the maximum loss that could be obtained through the use 
of pre-emergence herbicides would amount to the cost of chemical 
plus application, whereas the gain has no limit. 

It should be remembered that the discussions above have not 
considered the impact of herbicides on other phases of cotton cul- 
ture. No doubt, the reduction of spring hand labor requirements 
could also result in more efficient utilization of other mechanical 
equipment, such as the cotton picker. 


SUMMARY 


The results of 42 experiments, conducted in Louisiana during 
the years 1952 to 1956, show that the average hand labor require- 
ments of cotton production can be reduced. The actual reduction 
is dependent upon the environmental conditions at the time and 
following application of herbicides. Similarly the hand labor re- 
quirement is stabilized through the use of pre-emergence herbicides. 

In addition to reducing and stabilizing hand labor required for 
cotton production, the use of chemicals resulted in an actual average 
increase in the profits. In some years and at some locations there was 
a net loss; however, the net gains over the 5 year period offset this 
loss and an average profit was realized. 
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The Response of Selected Cotton Varieties 
to Pre-emergence Herbicides’ 


B. A. Wapp.Le, C. Hucues, M. N. CHrisTIANsEN, and R. E. FRANs? 


ht use of pre-emergence herbicides to aid in the control of weeds 
in cotton has become an accepted production practice during 
the last ten years. In the process of becoming an established prac- 
tice, this use of herbicides has created several new problems of a 
temporary nature and has been associated with stand losses in 
isolated cases. 

Locally severe stand losses were associated with the use of pre- 
emergence herbicides in 1952 in the mid-South area of the cotton 
belt (3); however, unique climatic conditions during the planting 
season probably made a greater contribution. At least one official 
survey of losses in 1952 (6) found a varietal difference in degree of 
stand reduction among the many fields checked where pre- 
emergence herbicides were used. 

Cotton varieties differ in few to many characteristics, including 
seedling characteristics. It should be logical to assume that a differ- 
ential varietal injury due to pre-emergence herbicides could occur. 

Normand (5) found no varietal differences in stand reductions 
attributable to CIPC (isopropyl N-(3—chlorophenyl)carbamate) or 
monuron (3 (p—chlorophenyl)—1,l—dimethyl urea) but suspected a 
varietal difference in reductions associated with DNBP (4,6—dinitro 
ortho secondary butylphenol). In a pilot study preceding the work 
reported here, Adkisson and Waddle (1) found fewer differences in 
stand between varieties treated with pre-emergence herbicides than 
between varieties receiving no herbicides. In both cases cited above, 
only one planting date and hence only one set of climatic condi- 
tions were sampled. Thompson et al. (7) and Hollingsworth and 
Ennis (4) have reported increased stand losses when DN BP was used 
as a pre-emergence herbicide. The latter reported excessive losses 
associated with high (90° F.) temperatures. By altering planting 
dates critical temperatures could be anticipated and varietal re 
sponse differentials should be detected if they exist. 

The purpose of this study was to evaluate selected cotton varieties 
as to herbicidal injury when dates of planting were varied so as to 
sample a wide range of climatic conditions. 


MATERIALS AND METHODS 


This study was conducted at the Cotton Branch Experiment Sta 
tion, Marianna, Arkansas in 1954, 1955, and 1956. The general soil 
type represented by this station has been classified as Richland silt 
loam of medium fertility. Because of rotation requirements, a differ- 
ent field plot was used each of the three years. 

‘Published with the approval of the Director of the Arkansas Agricultural 
Experiment Station. 

*Associate Professor, Instructor, Graduate Assistant, and Assistant Professor, 
respectively, Dept. Agronomy, University of Arkansas, Fayetteville, Ark. 
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Seedbed preparations each year were typical of the area and con- 
sisted of bedding, applying fertilizers in the middle, harrowing, 
re-bedding, and harrowing ahead of planting. The time of the 
several operations varied according to weather conditions with one 
to three weeks elapsing between the final bedding operations and 
planting the early date of planting. No subsequent seedbed prepara- 
tion was followed for the late planting except for an occasional 
light cultivation to keep down weeds prior to planting. 

Standard two-row tractor planting equipment with the hill-drop 
attachment was used in 1954 and 1955. A standard one-row tractor 
was used in 1956. In all three years, the planting of the several 
varieties was completed and followed by the application of the 
several pre-emergence herbicides. Tractor-mounted spray equip- 
ment, operated with the power-take-off pump set at 30 psi, was used 
on the two-row tractor in 1954 and 1955 and on the one-row tractor 
in 1956. In all three years, a 12-inch roller was used to firm and even 
the row ahead of the nozzle placed at a sufficient height to produce 
a 10-inch band in 1954 and 1955, and a 12-inch band in 1956 across 
the center of the row. Tractor speed was regulated to deliver 12 
gal/A of spray for each pre-emergence herbicide. 

Three pre-emergence herbicides were used each of the three years. 
These were the alkanolamine salts of DNBP, CIPC, and 3-(3,4- 
dichloropheny!)—1,1—dimethylurea, hereafter referred to as DNBP, 
CIPC, and diuron, respectively. DNBP and CIPC were applied at 
the rate of 9 lb/A over-all each year and diuron was applied at the 
rate of 114 Ib/A in 1954 and 1 Ib/A in 1955 and 1956. Sufficient 
water was added to make the total volume of the spray mixtures 
equal to an application rate of 12 gal/A. 

Varieties of cotton selected for this study were Fox, Deltapine 15, 
Empire WR, and Arkot 2-1. These varieties were chosen on the 
basis of maximum seedling differences observed in the pilot study 
completed in 1953 (1). Seeding rates were 1 bu/A each year. Varietal 
differences in seed size gave differential numbers of seed planted, 
but the same seeding rate was used in all herbicide treatments. 

Planting dates were April 26, May 17, and June 7 in 1954; May 9 
and June 6 in 1955; and May 8 and June 6 in 1956. The April plant- 
ings were made also in 1956, but were lost due to severe weather 
conditions. 

The experimental design used was a split-split plot of two repli- 
cations in 1954; three in 1955; and four replications in 1956. The 
major or main plots were planting dates, sub-plots were pre- 
emergence herbicide treatments (DNBP, CIPC, diuron, and none), 
and sub-sub plots were the four varieties. Statistical analyses were 
in accordance with procedures outlined by Cochran & Cox (2). Two- 
row varietal plots, each 50 feet in length, were used in 1954 and 
1955. Single-row varietal plots, 80 feet in length, were used in 1956. 
In 1954, five 10-foot sections of each varietal plot were measured 
and staked prior to planting. In 1955 and 1956, three 10-foot sections 
were staked per plot. Stand counts for the five sampled areas in 1954 
and the three in 1955 and 1956 were averaged and entered as plot 
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values. These stand counts were made twice before the first flower, 
with the second count taken as final. 

Final stand counts were used to evaluate herbicidal injury. Con- 
clusions drawn were based on estimates of herbicide x date and 
herbicide x variety interactions. 

Yield of lint per acre was estimated with actual plot yields. Boll 
samples from each plot prior to first harvest furnished lint per- 
centage data needed to convert plot yields to pounds of lint per acre. 


RESULTS 
Stand reductions attributable to herbicides applied as pre-emer- 
gence sprays were appreciable in only one of the three years included 
in this study and that in the June planting of 1954 with DNBP as 
the more damaging herbicide. Stand reductions were rather heavy 
(Table 1), although the injury was hardly significant statistically 


Table 1. Average values in thousands of cotton plants per acre for four pre- 
emergence herbicide treatments and four varieties planted on different 
dates in 1954, 1955, and 1956. 


1954 1955 1956 

Herchicide Cotton Planting dates Planting dates Planting dates 
Variet 

April May June May June May June 

CIP Fox 20.1 48.6 26.4 24.0 25.1 49.8 48.1 

Deltapine 15 18.8 47.8 25.4 27.9 31.1 45.4 62.6 

Empire WR 15.9 36.6 20.9 24.2 22.4 440 56.8 

Arkot 2-1 28.7 54.6 19.1 31.7 27.2 45.4 59.2 

Average 20.9 46.9 23.0 27.0 26.4 46.2 56.7 

DNBP Fox 15.4 39.2 36.9 26.4 43.4 46.6 62.7 

Deltapine 1 13.9 31.6 12.0 22.5 26.1 46.6 53.6 

Empire WR 12.8 49.4 16.2 21.6 3.8 40.9 53.9 

Arkot 2-1 20.1 49.1 3.9 37.5 19.5 49.5 40.2 

Average 15.¢ 42.3 17.2 27.0 25.7 45.9 §2.5 

Diuron Fox 20.6 148 23.0 23.1 1 3 45.3 S¢ 

Deltapine | 15.4 35.3 26.1 19.6 34.7 47.5 60.7 

Empire WR 17.8 24.0 24.6 17.7 24.8 42.4 59.9 

Arkot 2-1 29.0 48.1 13.3 22.8 24.1 51.9 64.9 

Average 20.7 35.6 21.7 20.8 25.7 46.8 60.5 

Check Fox 14.1 38.4 29.0 28.9 0.5 45.3 535 

Deltapine 1 13.3 40.6 28.7 25.8 38.1 50.7 59.1 

Empire WR 15.9 35.0 14.6 26.0 21.8 48.8 59.1 

Arkot 2-1 20.9 61.7 20.4 31.9 21.8 55.9 55.0 

Average 16.0 41.4 23.2 28.2 25.6 50.2 56.7 

Average by dates 18.3 41.5 21.3 25.7 25.8 47.2 56.6 


(Table 2). It is probable that these reductions were associated with 
abnormally high temperatures for the first four weeks following 
June plantings. Climatic conditions were within normal expecta- 
tions during the other two years included in this study. 

When the data from each of the three years were combined, the 
herbicides x date of planting interaction approached significance, 
as shown in Table 3. This interaction represents the reduction in 
stand associated with diuron in May plantings; the increase in stands 
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Table 2. Selected mean squares from variance analyses of plants per plot 
following the treatment of four cotton varieties with pre-emergence herbi- 
cides in 1954, 1955, and 1956. 

1954 1955 1956 
Source of variation -_ . ‘ 
Df Mean square Df Mean square Df Mean square 
Dates. . 2 43,312 1 2 1 14,749 
Error a.. 2 4,773 2 7 3 10.073 
Herbicides 3 1,283 3 81 3 18 
H x D interaction 6 842 3 431 3 | 
Error b... 9 341 12 391 18 ) 
Varieties : 3 1.971* 3 1.041 ** 3 27% 
V x D interaction 6 380 3 1.863 3 Qe 
V x H interaction : 9 629 9 8&4 y) 493 
V x H x D interaction 18 428 9 220 9 ? 
Error c ; 36 685 48 201 72 84 


*Significant at the 5% level of probability 
**Significant at the 1% level of probability 


associated with CIPC in May plantings; and the reduction in stands 
associated with DNBP in June plantings. In 1954, plots planted in 
May and receiving CIPC as a pre-emergence herbicidal spray 1 
sulted in better stands than the plots receiving no_ herbicides. 
In 1954 and 1955, similar plots receiving diuron as a pre-emergence 
herbicide resulted in poorer stands than those receiving no herbi- 
cide. Although these stand differences were evident, only in the 
June planted DNBP plot of 1954 were stand reductions sufficient 
to affect yield of lint per acre, as shown in Tables 4 and 5. 
Significant stand differences were associated with varieties in 1954 
and 1955. These differences can be attributed largely to differences 
in number of seed planted. Stands of all plots were excellent in 
1956. The variety x herbicide interaction was not significant in any 
of the three years nor in the combined analyses. When dates were 
considered also, however, a significant interaction was measured in 


Table 3. Variance analysis summary of three years’ data combined and con- 
verted to thousands of cotton plants per acre following the treatment of four 
varieties with pre-emergence herbicides on May and June planting dates. 


Dt Mean square 


Source of variation 


Dates.... 
Years 
Error a 


Herbicides — ; 5 
H x D interaction 2 > _ 
Error b 


Varieties ¥-2 . «2 
V x D interaction 32 es 
V x H interaction 

V x H x D interaction 


Error « 48 6 45 


*Significant at the 5% level of probability. 
**Significant at the 1% level of probability. 
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Table 4. Yield of lint in pounds per acre of selected treatment combinations 
involving herbicides, cotton varieties, and planting dates in 1954, 1955, and 


1956. 
1954 1955 1956 
Herbicide Cotton Planting dates | Planting dates Planting dates 
variety Eecreysd. 1 PME a . a ie 
May | June May | June | May | June 
CIPC Ave. all varieties 626 504 1005 666 515 490 
DNBP Fox | 579 447 1139 581 441 486 
Deltapine 15 664 565 1032 703 408 445 
Empire WR 626 307 949 577 514 531 
Arkot 2-1 591 287 974 | 591 498 425 
Average 615 376 1024 613 465 472 
Diuron Ave. all varieties 677 449 985 545 501 473 
Check Ave. all varieties 578 501 | 973 587 487 454 
Varietal Fox 620 480 1095 574 447 477 
averages Deltapine 15 678 499 1000 642 429 429 
Empire WR 575 446 925 628 558 521 
Arkot 2-1 624 406 966 568 533 461 
Average by dates 624 458 997 603 492 472 


Table 5. Selected mean squares from variance analyses of yield of lint per acre 
following the treatment of four cotton varieties with pre-emergence herbi- 
cides in 1954, 1955, and 1956. 


1954 1955 1956 


Source of variation -_ — — = 
Df | Mean spent | Df | Mean square; Df | Mean square 


Dates 2 1,251,174 | 1 | 3,720,150** 1 12,403 
Error a 2 1,336,077 | gi 12,602 3 40,378 
Herbicides 3 179,919 | 3 | 25,860 3 7,534 
H x D interaction 6 92,370 > | 10,814 3 2.490 
Error b 9 45,087 12 | 11,913 18 14,552 
Varieties... 3 28,150 | >t 26,079 ** 3 8,828 
V x D interaction 6 68,180 3 53,296 ** ; 15,577** 
V x H interaction... 9 86,581 9 4,953 9 3,542 
V x Hx Dinteraction 18 81,222 | ii 11,862* 9 3,242 
Error c.. . 36 | 46,443 | 48 | 5,102 72 3,822 


*Significant at the 5% level of significance. 
**Significant at the 1% level of significance. 


the combined data, as shown in Table 3. This interaction reflects 
largely the deleterious effect of DNBP on the June planted Arkot 
2-1 variety in 1954. In the combined analyses, the variety x dates 
interaction was highly significant. As shown in Table 1, this inter- 
action reflects the excellent stands obtained for the Arkot 2-1 variety 
obtained in the May plantings, as contrasted with the poor stands 
obtained when this variety was planted in June. In contrast, the Fox 
variety gave acceptable stands for May planting dates and higher 
than average stands when planted in June. 
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DISCUSSION AND CONCLUSIONS 





Varieties of varying seedling characteristics, and planting dates 
expected to sample varying environments, were brought together 
with three pre-emergence herbicides in this study. These variables 
should have revealed any differential varietal responses to such 
herbicides. However, the variety x herbicide interactions as esti- 
mated in this study were not significant. On the basis of these data, 
it was concluded that the four varieties included in this study were 
not affected differentially by the three pre-emergence herbicides 
used. 

The herbicide x planting date interaction approached significance 
in terms of final stand counts when the three years’ data were com- 
bined. Stand reductions associated with herbicides were found only 
when stand reductions were rather severe because of factors other 
than herbicides. On the basis of the herbicidal responses measured 
in this study, it was concluded that the use of pre-emergence herbi- 
cides should cause no stand reductions in a normal planting season. 
A deleterious environment during the seedling stage of cotton may 
be aggravated, however, by the use of these chemicals. 

Stand reductions associated with pre-emergence herbicides were 
evident in two of the three years included in this report. In only 
one combination (the June planted Arkot 2-1 variety treated with 
DNBP in 1954) was the final yield of lint per acre reduced appre- 
ciably because of stand reductions. Until more information is avail- 
able to define conditions wherein stand reductions should result in 
yield reductions, the conclusion drawn here was that pre-emergence 
herbicides, even though associated with stand reductions, did not 
seriously affect the final lint yields. 


SUMMARY 


Cotton varieties having varying seedling characteristics and 
planted on different dates were not differentially affected by pre- 
emergence herbicides in 1954, 1955, and 1956 tests. CIPC, DNBP, 
and diuron as pre-emergence herbicides caused no more stand reduc- 
tion than plots receiving no treatment in a normal planting season. 
A deleterious environment, however, may be aggravated by these 
chemicals in terms of stand reductions. Such reductions rarely are 
sufficient to affect yields of lint per acre. 
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The Response of Certain Crops to 2,4—Dichlorophenoxy- 
acetic Acid in Irrigation Water. Part IT. Sugar Beets’ 


V. F. Bruns? 


J pus use of 2,4-dichlorophenoxyacetic acid (2, 4-D) for weed con- 
trol in irrigated regions, especially on ditch banks, provides 
possibilities of contaminated irrigation water. A series of investi- 
gations has been conducted in the field to determine the response 
of certain crop plants to applications of 2,4-D in irrigation water, 
particularly at rates totaling herbicidal dosages. The first investiga- 
tion dealt with Red Mexican beans and the results were published 
in 1954 (1). This report deals with sugar beets, a root-type of crop 
lant. 

Watson (4) applied an amine form of 2,4-D to carrots, parsnips, 
beets, and several members of the cabbage family in the greenhouse 
by three different methods. One or two drenches to the soil, simulat- 
ing irrigation with contaminated irrigation water, at concentrations 
of 5 to 10 ppm was the most satisfactory method for producing root 
galls. Plants which produced galls failed to show foliage symptoms 
typical of 2,4-D injury. Root growth was inhibited, especially at 
higher concentrations. Furthermore, a considerable number of seed- 
lings and small plants were killed. This greenhouse study closely 
paralleled the field study reported herein. 


MATERIALS AND METHODS 


With slight modification, the same materials and methods were 
used as previously described (1). These investigations were con- 
ducted on Sagemoor very fine sandy loam soil. This soil is low in 
organic matter, with a depth of 60 inches to bedrock. 

After applying 600 pounds of ammonium nitrate (33 percent 
nitrogen) per acre on March 7, 1952, the land was plowed and har- 
rowed. On April 14, the experimental area was tandem disked and 
cross-harrowed. Then 24 plots (6 plots within 4 blocks), each 10 by 
20 feet, were laid out on contour with a zero grade. The borders of 
adjacent plots were at least 48 inches apart; the alleyways between 
blocks were 10 feet wide. After the plots were ditched for irrigation, 
sugar beets were seeded on April 15 with a hand-seeder in rows 24 
inches apart and 20 feet long (4 rows per plot). All plots received 
3 acre-inches of irrigation water immediately after the sugar beets 
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were seeded. Lack of precipitation and irrigation water prevented 
seeding of beets at an earlier, more desirable date. Because of adverse 
weather conditions, insects, birds, and rodents, poor stands of sugar 
beets were obtained. 

Six 600-gallon tanks, equipped with valves, hoses, and boom at- 
tachments, were used throughout the experiment for applying irri- 
gation water and 2,4—D (Figure 1). All plots received normal irri- 
gations before and after the 2,4—D treatments. Normal field cultiva- 
tion was simulated by the use of hand tools. 





Figure 1. Metal tanks, equipped with valves, hoses, and 
boom attachments were used to apply irrigation water 
and 2,4-D. 


Six different plot treatments were randomized within the four 
separate blocks. These treatments included two rates of 2,4—D (2 and 
6 pounds of the acid dissolved with triethanolamine per acre), two 
stages of growth (seedling and 1l-inch diameter), and an untreated 
check. A sixth treatment was a repeated application of 2,4—D ap- 
proximately 4 weeks after an initial application at the rate of 2 
pounds per acre at the l-inch diameter stage. 

On May 12, when sugar beets were in the 2- to 4-leaf stage, here- 
after referred to as the seedling stage, the first 2,4—D treatments were 
made at rates of 2 and 6 pounds per acre in 3 acre-inches of irriga- 
tion water (approximately 3 and 9 ppm by weight). Plots scheduled 
to receive 2,4—-D applications at the l-inch diameter stage were 
treated on June 25. At this time, beets ranged from 0.5 to 1.5 inches 
in diameter. The same procedures, methods, and materials were 
used in making these applications as were used in making the treat- 
ments during the seedling stage. Plots scheduled to receive a second 
treatment were re-treated on July 22. The irrigation furrows were 
dammed at each end of the plots and the water flow from the tanks 
could be regulated and adjusted. Thus, the problem of measuring 
runoff water and discarding the effluent was eliminated. 
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Because of the relatively poor and erratic stands of sugar beets, 
actual plant counts on individual plots were taken and recorded at 
monthly intervals throughout the course of the experiment. At 
harvest time (October 4), beets were counted and weighed so the 
mean weights per beet for each plot could be computed. ‘These 
criteria were considered more reliable for evaluating the effects of 
the treatments than yields in tons per acre. The beets were then 
taken to the laboratories of the Utah-Idaho Sugar C company, Top- 
penish, Washington, where sucrose determinations were made by 
the polariscope method. 

As an exploratory test, two additional plots of sugar beets (each 
containing 4 rows, 24 inches apart and 20 feet long) were used for 
nitrate-nitrogen studies. One plot received 2 pounds of 2,4—D per 
acre in 2 acre-inches of irrigation water on July 2, when beets aver- 
aged | inch in diameter. The other plot was used as an untreated 
check. 

Leaf and petiole samples (10 from each row) were collected at 
random from each plot at intervals as follows: 0, 3, 6, 12, 24, 48 
and 90 days after treatment. After collection, the leaves and pe tioles 
were separated immediately and then placed in a drying oven (80° 
C.) until thoroughly dry. After the drying process, the samples were 
ground finely and stored in glass bottles. The nitrate-nitrogen deter- 
minations were made in duplicate by the phenoldisulphonic acid 


method. 
EXPERIMENTAL RESULTS AND DISCUSSION 


In evaluating reductions in stand caused by the 2,4—D applica- 
tions, the observed percentage reductions were transformed to angles 
(Arc sin \/Percent reduction). This transformation was used because 
of the wide range in observed reductions (7 to 92 percent). Large 
differences in final stand also resulted from the treatments. Com- 
petitive effects resulting from these stand differences logically would 
influence the rate of growth of the beet roots and the sucrose content. 
Therefore, the observed mean weights per beet and sucrose contents 
were adjusted by means of covariance analyses to compensate for 
population differences and to permit evaluation of treatment effects 
independent of stand differences. In each case, the linear adjustment 
for stand differences was highly significant. Effects of the treatments 
on stand and beet weight are shown in Table 1. 


Treatments at seedling stage. 

The 2,4—D treatments during the seedling stage caused the great- 
est reduction in stands of sugar beets. Within 3 days after the appli- 
cations, some of the seedlings became somewhat distorted and flaccid, 
particularty on plots treated at the 6-pound rate. The lethal action 
of the 2,4—D (complete desiccation) was most pronounced from | to 
3 weeks after treatment. Marked reduction in stands occurred on 
plots treated at the 2-pound and 6-pound rates as indicated by the 


angles of 57 and 77, respectively, at harvest time. 
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Table 1. The effect of 2,4-D in irrigation water on the stand and yield of 





sugar beets. 
Number of sugar beet plants per plot Percent reduc- Mean wt 
2,4-D a = tion in stand | per beet (Ib 
treatment Surviving 1952 . 
Initial -_— - Ob- Ob- Ad- 
§/12/52| 5/27 6/25 7/22 8/15 10/4 | served Angle | served justed 
Seedling stage 
2 Ib/A 78 48 26 24 20 22 69 57** 2.68 ? 35 
6 Ib/A 73 20 6 5 6 5 92 77%* 2.47 1.60** 
1 inch dia. stage 
2 1b/A 58 45 41 42 31 33** 1.38 1.67% 
6 1b/A 48 25 20 20 61 52** 1.35 0.96** 
21b/A + re- 
treatment 77 68 56 58 25 30* 1.35 210 
Untreated check 53 53 52 52 50 50 7 13 1.68 21 
L.S.D.: 5% level 14 0.41 
1% level 20 0.57 
C.\ >¢ 1s 
*P < 0.05 


**P < 0.01 


The growth and development of plants surviving the 2-pound 
application at the seedling stage were not inhibited, as measured 
by mean weight per harvested beet. However, an occasional plant 
among those surviving the 6-pound treatment developed peculiarly 
malformed foliage as the season advanced (Figure 2). A significant 
reduction in the adjusted mean weight per beet further reflected 
an inhibition of growth and development by this treatment. 


Treatments at l-inch diameter stage. 

Within 1 or 2 days after 2,4—D treatments at the l-inch diamete 
stage, the beet plants began to wilt and become prostrate. Another 
characteristic symptom was chlorosis or yellowing of the leaves. 
Beets which were less than | inch in diameter appeared to be affected 
much more readily by the 2,4—D treatments than beets which were 
more than | inch in diameter. 

The reduction in stand of beets on plots receiving the 2- and 6- 
pound rates of 2,4-D per acre during the l-inch diameter stage 
reached significance at the one percent level (angles 33 and 52, 
respectively). While both treatments inhibited and delayed the 
growth and development of surviving plants, the 6-pound rate was 
more damaging as indicated by the decrease in adjusted mean 
weights per beet. Beets surviving the treatments at the l-inch diame- 
ter stage had less time to recover and develop before harvest than 
those surviving the seedling stage treatments. This shorter time fo 
recovery and growth may explain in part the lower beet weights in 
plots sprayed at the l-inch stage. 

A decrease in stand resulted from the application of 2 pounds of 
2,4—D per acre during the l-inch diameter stage plus a re-treatment 
at the same rate approximately 4 weeks later. However, because of 
population differences, no significant reduction in mean weight per 
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Figure 2. Top: Untreated check plant. Bottom: Malformed 
foliage developed on a few of the plants surviving the 
6-pound treatment at the seedling stage. 





beet was apparent. Only a few small plants that had been injured 
severely by the initial treatments were visibly affected by the re- 
treatments. 

On some of the treated plots, especially those treated during the 
l-inch diameter stage, an occasional plant developed new growth 
after all of the initial top growth appeared dead. This growth de- 
veloped from the buds on the crowns of plants whose underground 

rtions had not been destroyed completely and accounts for any 
increase in stand counts during the season as shown in Table 1. 
Complete desiccation of underground portions as well as top growth 
was a characteristic of plants that had received lethal dosages of 
2,4—D during the l-inch diameter stage. Abnormal growths on the 
underground portion of plants which survived the treatments were 
found on only two or three beets. These abnormalities were typical 
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symptoms of a bacterial disease of sugar beets, commonly known as 
crown gall, and were not attributed to the 2,4—D treatments. 


Effects on sucrose content of beets. 


The effects of the treatments on sucrose content of the beets are 
shown in Table 2. 


Table 2. The effect of 2,4-D in irrigation water on the sucrose content of 


sugar beets. 
| Mean number Percent sucrose 
2,4-D treatment beets 
per plot Observed Adjusted 
Seedling stage | 
2 Ib/A , ’ 22 13.8 14.12 
6 Ib/A 5 13.3 14.11 
1 inch dia. stage 
2 1b/A 42 13.9 13.62 
6 Ib/A we 20 12.2 12.58** 
2 1b/A + retreatment 58 14.3 13.56 
Untreated check.. 50 14.5 14.00 
L.S.D.: 5% level 0.84 
1% level . 1.18 
C.V a 


**P < 0.01 


In terms of adjusted means, the percentage sucrose in the har- 
vested beets was not decreased by the 2,4—D treatments at the seed- 
ling stage. However, the sucrose content was reduced significantly 
when 2,4—-D was applied at the rate of 6 pounds per acre at the 
l-inch diameter stage of development. Although not statistically 
significant, a trend toward slightly lower percentages of sucrose in 
beets from plots treated at the 2-pound rate during the 1-inch 
diameter stage was noted. These results suggest that the shorter 
time for recovery between treatment at the l-inch diameter stage 
and harvest of plants surviving the 2,4—D applications, particularly 
the 6-pound rate, not only contributed to the decrease in beet 
weights but also influenced the sucrose content. These deductions 
were substantiated further by the supplemental studies involving 
nitrate-nitrogen content of the leaves and petioles. 


Effects on nitrate-nitrogen content of leaves and petioles. 


The effects of 2 pounds of 2,4—D in irrigation water, applied at 
the l-inch diameter stage, on the nitrate-nitrogen content of sugar 
beet leaves and petioles are presented graphically in Figure 3. The 
nature and design of this exploratory test precluded the application 
of statistical analyses. Nevertheless, the presentation of general ob- 
servations and of trends exhibited by the data may be of considerable 
practical value and may stimulate more precise research along 
similar lines. 

The nitrate-nitrogen content of both leaves and petioles was 
exceptionally high. This may be attributed to late planting of the 
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DAYS AFTER TREATMENT 


Figure 3. Nitrate-nitrogen levels in sugar beet leaves and 
petioles after treatment with 2,4—D (2 Ib/A) in irrigation 
water. 


— 


beets on new land which had received a total of 300 pounds of 
nitrogen per acre during 1951 and 1952. Only one crop, beans in 
1951, was produced on the area before the sugar beets. 

With the introduction of 4 ppm of 2,4—D in a nutrient solution, 
Freiberg and Clark (2) found that the nitrate-nitrogen content in 
the leaves, petioles, stems, and roots of treated soybean plants was 
significantly lower 4 days after treatment. Whether the noted similar 
decline in nitrate-nitrogen level of beet leaves and petioles during 
the first few days of this experiment was caused by the 2,4—D treat- 
ment or by growth differences and/or sampling error could not be 
determined. 

Slight chlorosis and some distortion in the foliage of treated 
plants was first noted within about | week after the 2,4—D applica- 
tion. Analyses of leaves and petioles collected 12 days after the 
application showed a marked difference in nitrate-nitrogen between 
the treated (T) and untreated (C) plants. Although petioles ex- 
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hibited higher concentrations of nitrate-nitrogen than leaves, the 
trend in results was similar for both. On a dry weight basis, the level 
of nitrate-nitrogen was approximately 80 percent higher in tissue 
from treated plants than in tissue from untreated checks (T—C = 
7133-3995 ppm for leaves, 21,181—-11,713 ppm for petioles). At this 
time, rather extensive damage to the root systems was observed on 
the treated plot. Undoubtedly the absorbing capacities of the roots 
were changed. Also, the possibilities of a decrease in carbohydrates 
and changes in concentrations of other organic components, par- 
ticularly nitrogenous compounds, were recognized as complex factors 
which probably contributed to the differences in the nitrate-nitrogen 
levels. 

After 48 days, the nitrate-nitrogen levels in leaves and petioles of 
treated plants had declined while the level in that of untreated 
plants had remained nearly constant. The difference in nitrate- 
nitrogen levels was from 35 to 38 percent (T—C = 6045-4462 ppm 
for leaves, 16,768-12,183 ppm for petioles). During the 2- to 3-week 
period preceding this sampling date, a number of plants on the 
treated plots died. Surviving plants showed varying degrees of 
recovery and growth. 

At harvest time (90 days after treatment), the nitrate-nitrogen 
levels in the tissue of both treated and untreated plants had de- 
creased appreciably (T—C = 1633-974 ppm for leaves, 5151-2964 
ppm for petioles). Although the differences in levels between treated 
and untreated tissue had increased again in terms of percentage 
(approximately 70 percent), the differences had decreased in terms 
of parts per million. Late growth and development of plants on the 
treated plot during the last 6 weeks of the test period as well as the 
reduction in stand perhaps contributed to the differences in nitrate- 
nitrogen levels at the time of harvest. 

Of corresponding interest, Stahler and Whitehead (3) collected 
and analyzed samples of sugar beet leaves from seven different fields 
that had been accidentally sprayed with 2,4—D, as well as from 
adjacent unsprayed fields. The dried leaves of sprayed plants con- 
tained an average of 4.50 percent of potassium nitrate, with a vari- 
ation of 1.81 to 8.77 percent. Those of unsprayed plants contained 
an average of 0.22 percent. The minimum lethal concentration of 
potassium nitrate for ruminants (nitrates are changed to poisonous 
nitrites in the rumen) was tentatively set at 1.5 percent. 


SUMMARY 

1. Applications of 2,4—D at rates of 2 and 6 pounds per acre in $ 
acre-inches of irrigation water were lethal to a high percentage of 
sugar beet plants when applied at the seedling stage. 

2. Similar treatments at the l-inch diameter stage also caused 
significant reductions in stands. 

3. Only a few small plants severely injured by the initial appli- 
cations of 2 pounds of 2,4—D per acre during the |-inch diameter 
stage were visibly affected by a re-treatment approximately 4 weeks 
later. 
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4. The sucrose content of harvested beets was reduced significantly 
by the 6-pound treatment at the 1-inch diameter stage only. 

5. Chemica! analyses of leaf and a samples collected during 
the season indicated a higher level of nitrate-nitrogen in treated than 
in untreated tissue beginning 6 to 12 days after 2 pounds of 2,4-D 
per acre were applied in irrigation water at the l-inch diameter 
stage. 

6. The mean weight per beet and the sucrose content at harvest 
time were highly correlated with the final stand. These correlations 
as well as the observed nitrate-nitrogen differences indicate that 
stand differences resulting from the 2,4—-D treatments were im- 
portant in the experiment. 

7. Reductions in adjusted beet weights indicate that the 6-pound 
rate of treatment at the seedling stage and both rates of treatment at 
the l-inch diameter stage retarded the growth rate of surviving 
beets. 

8. Wilting, chlorosis, prostration, and desiccation were the prin- 
cipal symptoms of 2,4—-D damage. Malformation of top-growth, a 
typical reaction of many species of plants to foliage applications of 
2,4—D, was observed in only a few plants. Only 2 or 3 beets developed 
abnormalities in the form of galls and these were not attributed to 
the 2,4—-D treatments. 
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News and Notes 


Titles of all papers intended for presentation at the meeting of 
the WSA to be held January 13, 14 and 15 at the Peabody Hotel 
in Memphis, Tennessee, in conjunction with the Southern Weed 
Conference, should be in the hands of the sectional program chair- 
men not later than August 1, 1957. Three copies of an abstract, not 
to exceed 300 words, should accompany the title. 


The Proceedings of the Third British Weed Control Conference, 
held in 1956, may now be obtained on remittance of 2 pounds, 2 
shillings, by addressing the British Weed Control Council, Cecil 
Chambers, 86 Strand, London, W. C. 2., England. 


L. S. Gleason has accepted a position with the Monsanto Chemical 
Company, St. Louis, Missouri in herbicide development. He was 
formerly with the Rockefeller Foundation, Mexico City, Mexico. 

Herman E. Meadows and George F. Ham have been appointed to 
the technical service staff of Diamond Alkali Co.'s Chlorinated 
Products Division. Both are working in the company’s herbicidal 
program. 

E. A. Schnieder is now with Geigy Agricultural Chemicals, New 
York City, where he is engaged in herbicide development work. 


Richard Hart has been employed by the American Chemical 
Paint Co., Ambler, Pennsylvania to conduct its primary screening 
work for herbicides. He was formerly a graduate student at Purdue 
University. 

L. L. Danielson, formerly with the Virginia Truck Crops Exp. 
Station, Norfolk, Virginia, joined the Weed Investigations Section, 
ARS, USDA, in March, 1957. He will be responsible for weed 
research in horticultural crops at Beltsville, Maryland. 


Edward L. Robinson joined the Weed Investigations Section, 
ARS, USDA, in February, 1957. He will be stationed at Whiteville, 
North Carolina, and will be concerned with cooperative studies on 
the control of witchweed with the North Carolina Agri. Exp. 
Station. 

W. C. Robocker, Weed Investigations Section, ARS, USDA, was 
transferred from Reno, Nevada, to Pullman, Washington, where he 
will be engaged in cooperative work on the control of weeds on 
rangelands with the State College of Washington. 


William F. Meggittt joined the Weed Investigations Section, 
ARS, USDA, in March, 1957. He will be located at Rutgers Univer- 
sity, New Brunswick, N. ]. and will be especially concerned with 
weed control in horticultural crops. 

Howard Morton, formerly with the Idaho Agri. Exp. Station at 
Twin Falls, has been employed by the Weed Investigations Section, 
ARS, USDA, and will be stationed at College Station, Texas where 
he will be concerned with the control of weeds and brush in pastures 
and rangelands. 
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The officers of the WSA and the several weed control conferences 
for 1957 are as follows: 


Weed Society of America 

President—W. B. Ennis, Jr., Weed Investigations Section, ARS, 
USDA, Beltsville, Maryland. 

Vice-president—A. S. Crafts, Dept. of Botany, Univ. of California, 
Davis. 

Secretary—W. C. Shaw, Weed Investigations Section, ARS, USDA, 
Beltsville, Maryland. 

Treasurer & Business Mgr.—W. C. Jacob, Dept. of Agronomy, 
Univ. of Illinois, Urbana. 

Next meeting—January 13, 14 and 15, 1958, Memphis, Tennessee. 


Northeastern Weed Control Conference 

President—C. L. Hovey, Eastern States Farmer’s Exchange, W. 
Springfield, Massachusetts. 

Vice-president—S. N. Fertig, Dept. of Agronomy, Cornell Univ., 
Ithaca, New York. 

Secretary—R. J. Aldrich, Farm Crops Dept., Rutgers Univ., New 
Brunswick, New Jersey. 

Treasurer—D. A. Schallock, Farm Crops Dept., Rutgers Univ., 
New Brunswick, New Jersey. 

Next meeting—January 9, 10 and 11, 1958, New Yorker Hotel, 
New York City. 





Southern Weed Conference 

President—E. G. Rodgers, Dept. of Agronomy, Univ. of Florida, 
Gainesville. 

Vice-president—Richard Behrens, Dept. of Botany and Plant 
Phys., Texas A. & M. College, College Station, Texas. 

Secretary-Treasurer—Walter K. Porter, ]r., Louisiana State Univ., 
Baton Rouge. 

Next meeting—January 13, 14 and 15 in Memphis, Tennessee. 


Western Weed Control Conference 

President—Henry Wolfe, Dept. of Agronomy, Washington State 
College, Pullman. 

Vice-president—Dick Fosse, American Chemical Paint Co., Den- 
ver, Colorado. 

Secretary-Treasurer—W. R. Furtick, Farm Crops Dept., Oregon 
State College, Corvallis. 

Next meeting—March 18, 19 and 20, 1958, Davenport Hotel, at 
Spokane, Washington. 


North Central Weed Control Conference 
President—F. W. Slife, Dept. of Agronomy, Univ. of Illinois, 
Urbana. 
Vice-president—Lyle Derscheid, Dept. of Agronomy, South Dako- 
ta State College, Brookings. 
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News AND NOTES 


Secretary-Treasurer—Dwight Lambert, Nebraska Dept. of Agri- 


culture and Inspection, Lincoln. 
Next meeting—December 10, 11 and 12, 1957, Municipal Audi- 


torium, Des Moines, lowa. 
Western Canadian Weed Control Conference 
Chairman—N. F. Putnam, Field Crops Commissioner, Dept. of 


Agriculture, Victoria, B. C. 
Sec.-Treas.—E. C. Hughes, Field Crops Branch, Dept. of Agricul 


ture, 70 Eighth St., New Westminster, B. C. 
November 26 and 27, 1957, at the Empress Hotel 


Next meeting 
Victoria, B. C. 
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CALIFORNIA WEED CONFERENCE. Joint meeting of the fifteenth Western 
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Cuesatin, G. A. At the Conference on Chemicals for Weed Control. (In 
Russian.) Zemledelie 4 (6):123-125. June 1956. 

EcksTEIN, Z. Some problems of obtaining weed killers. III-IV. (In Polish.) 
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